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Chapter 1
General introduction
Chapter 1
Infant orthopaedics
Clefts of the lip and palate, occurring with an incidence of about 350-400 births 
per year in the Netherlands, are among the commonest birth anomalies affecting 
humans. This congenital malformation is probably caused by interacting genetic 
and environmental factors and develops between the 6th and 12th week of foetal 
development. Oro-facial clefts comprise three main categories: (1) isolated cleft 
lip and/or alveolus, (2) combined cleft lip, alveolus and palate, and (3) isolated 
cleft palate. Each type of cleft can occur in a complete or incomplete form, and 
can occur unilateral or bilateral.
In Western society, children with an oro-facial cleft are generally referred to a 
cleft palate centre within the first weeks after birth. A cleft palate team usually 
consists of a paediatrician, a plastic surgeon, an orthodontist, a maxillo-facial 
surgeon, a speech language pathologist, an ENT specialist, and a social worker. 
Additionally, regular contacts exist with specialists in genetics, psychology, and 
general paediatric or prosthetic dentistry. The team offers a comprehensive 
treatment that aims at the best aesthetic, functional, and psychosocial results 
achievable.
In many cleft palate centres, the use of maxillary infant orthopaedics (IO) is 
one of the components in treating infants with a complete cleft. An extensive 
review of the literature on this topic was given by Winters and Hurwitz (1995). 
They delineate the history of this treatment that was used already in the 17th 
century. At that time, facial binding was used to narrow the cleft and prevent post- 
surgical dehiscence. The modern school was initiated by McNeil in the 1950s. He 
used maxillary intra-oral plates believing that this treatment would narrow the cleft 
and stimulate the maxilla to grow normally in order to improve aesthetic results. 
Nowadays, there are basically three groups of infant orthopaedic techniques. The 
first group consists of active appliances. These are designed to move the 
maxillary segments in a predetermined direction using forces. Secondly, there are 
passive appliances with extra-oral strapping applied across the cleft to retract and 
align the maxilla. The third group comprises the Zurich appliances (Hotz and 
Gnoinski, 1976): passive appliances without strapping that are continuously 
adjusted by grinding to guide the growth of the maxilla. Especially in Europe, 
where about 54% of the operational centres use IO (Shaw et al., 2000), the Zurich 
approach is commonly used in treating unilateral cleft lip and palate (UCLP).
IO is used worldwide in the care for children with cleft lip and palate. 
Nevertheless, the relevance of this treatment is controversial. Proponents of IO
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state that the treatment provides correct alignment of the alveolar segments and 
narrows the cleft. These effects are believed to facilitate surgical closure of the 
cleft and thus to improve aesthetic outcome. Although some studies have shown 
that infant orthopaedics narrows the cleft and provides an anatomically correct 
relationship of the alveolar segments at the time of surgery (O’Donnell et al., 
1974; Shaw, 1978), the question whether the treatment results in a better facial 
aesthetic appearance still remains to be answered (Huddart, 1990). Additional 
beneficial effects of IO on feeding (Oliver, 1973; Lubit, 1976), parental satisfaction 
(Lubit, 1976; Huddart, 1990), and speech (Stuffins, 1981; Hotz et al., 1986; 
Gnoinski, 1990) have been claimed, but these reports are largely anecdotal. 
Opponents state that this treatment is expensive and also has some drawbacks. 
Disadvantages of the treatment that have been reported include dental caries 
(Bokhout et al., 1996) and inhibition of maxillary growth (Pruzansky, 1964). Both 
advantages and disadvantages of IO have not been sufficient scientifically 
documented (Roberts et al., 1991; Winters and Hurwitz, 1995).
Clinical trial Dutchcleft
The above mentioned disagreement on the relevance of IO in the treatment of 
children with complete UCLP was clearly demonstrated during a great debate at 
the 47th meeting of the American Cleft Palate Association in St. Louis (USA) in 
1990 and at the 8th International Congress on Cleft Palate and Related 
Craniofacial Anomalies in 1997 in Singapore. The controversy and the lack of 
scientific, experimental research gave rise to the start of a prospective 
randomised clinical trial (called Dutchcleft) into the effects of a passive form of 
infant orthopaedics according to a modified Zurich approach in children with 
complete UCLP (Prahl et al., 1993). The study started in 1993 as a three-centre 
prospective two-arm randomised controlled clinical trial that was performed at the 
cleft palate centres of Nijmegen, Amsterdam and Rotterdam. It was co-ordinated 
by Kuijpers-Jagtman and Prahl-Andersen. A detailed description of the design of 
the Dutchcleft study is given by Prahl et al. (2001). A child entered the trial within 
two weeks after birth and was assigned to one of two groups by means of a 
computerised balanced allocation procedure. Patients were allocated based on 
birth weight (<3300 g or >3300 g) and alveolar cleft width (<8 mm, between 8 and 
12 mm, or >12 mm). One of the groups received IO in the first year of life (IO) and 
the other group did not receive this treatment (non-IO). Apart from IO, all 
interventions were the same for both groups. A total of 54 babies (41 boys, 13 
girls) were included in the trial, 27 in the IO group and 27 in the non-IO group.
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The inclusion criteria were: complete UCLP, infants born at full term with a birth 
weight of a minimum of 2500 g, and both parents Caucasian with Dutch as their 
native language. Patients were excluded if there were other congenital 
malformations (except for syndactyly), or soft tissue bands.
Figure 1. An example of a passive maxillary orthopaedic appliance used in this trial.
At trial entrance, the IO group received a passive maxillary orthopaedic appliance 
that was made of compound soft and hard acrylic (see Figure 1). The appliance 
has a small extension into the cleft nose, covers the palate and the alveolar 
ridges and obtrudes the cleft in the hard and soft palate (see Prahl et al., 2001 for 
a detailed description of the technique that was used). Parents were instructed to 
have their baby wear the plate 24 hours a day, removing it only for cleaning. 
Every three weeks the plate was adjusted by grinding to guide the maxillary 
segments into the right position. Two weeks before lip surgery a new plate was 
made. Sometimes, depending on maxillary growth, a third plate was needed. The 
appliance was kept in place until soft palate closure. Figure 2 shows a child with 
the appliance in situ. In all babies included in the trial, the lip was closed surgically 
according to the Millard technique at 18 weeks of age. The palate was closed in 
two stages, with soft palate repair (modified Von Langenbeck procedure) at 12 
months of age. Hard palate closure is delayed until approximately nine years of 
age. After surgical closure of the soft palate, the plate was no longer used. Not all 
children tolerated the appliance until their soft palate was closed. In these cases 
IO terminated earlier. In some children treatment with IO was prolonged for a few 
weeks or months after surgical closure of the soft palate because of feeding 
problems.
12
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Four different aspects were investigated in this trial:
1. General variables: feeding, growth, and parent satisfaction
2. Surgical and orthodontic variables: growth of the maxilla, ease of surgical 
repair of the lip and soft palate, and facial aesthetics
3. Speech and language development: pre-lexical development, phonological 
development, speech quality and intelligibility, and language development
4. Cost-effectiveness
Figure 2. A child with complete unilateral cleft lip and palate (A) and the same child with the 
appliance in situ (B).
1. General variables
The general variables (feeding, growth, and parent satisfaction) were evaluated 
by Prahl (Kuijpers-Jagtman et al., 1998) and partly described in the report to the 
Dutch National Health Service Board that funded this trial. The effect of IO on 
feeding was evaluated in the period from birth to 24 weeks by measuring the total 
time spent on feeding the child each day (in minutes) and the total intake per day 
(in ml). No differences were found between the two groups. Another general 
variable was the child’s growth (length and weight). These variables were 
measured until the age of 14 months and did not present differences between the 
groups either. The final general variable that was assessed was the satisfaction of 
the mother with motherhood. A validated parent questionnaire was used for this 
purpose. There were no differences in satisfaction of the mother between the two 
groups.
2. Surgical and orthodontic variables
The evaluation of orthodontic variables is described in detail by Prahl et al. 
(2001). In the period from birth to surgical lip repair, alveolar cleft width was 
reduced significantly in the IO group but not in the non-IO group. The midpalatal
13
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cleft width reduction and the reduction of the posterior cleft width was also 
significantly greater in the IO group than the non-IO group. After lip surgery, no 
significant differences were found between the groups for these cleft dimensions. 
Another dimension, anterior arch depth, increased significantly more in the IO 
group in the period from birth to age 1.5 years (6 months after soft palate 
closure). After surgical soft palate closure, which marks the end of infant 
orthopaedic treatment, there were no relevant effects on maxillary arch 
dimensions or shape of the palatal vault (Prahl et al., 2001).
The surgical variables did not present significant differences between the 
groups. The ease of surgical repair of the lip and of the surgical closure of the soft 
palate was evaluated by standardised measurement of the duration of the 
operations. The mean duration of surgical lip closure did not differ significantly 
between the two groups, nor did the mean duration of surgical repair of the soft 
palate (Kuijpers-Jagtman et al., 1998).
Facial aesthetics at age 1.5 were assessed in a rating experiment by a panel 
of blinded expert raters. There were no differences in facial aesthetics between 
the IO and the non-IO group (Kuijpers-Jagtman et al., 1998).
3. Speech and language development
The speech and language evaluation in the Dutchcleft study started at age 1 and 
continued at 6-month-intervals until age 3. The different aspects of the speech 
and language evaluation in this trial form the subject of this thesis. The study 
started with an investigation of sounds produced in babbling (pre-lexical 
development at age 1 and 1.5). Furthermore, the phonological development of the 
children was followed from age 2 to 3. Speech quality and intelligibility were 
assessed at 2.5 years of age. Finally, the toddlers’ language skills were evaluated 
in the period from age 2 to 3 and in a follow up at six years of age. In Chapters 2 
to 8, a detailed description of these topics is given.
4. Cost-effectiveness
The use of infant orthopaedics in treating children with UCLP involves extra costs, 
for instance the costs for the appliance itself and for extra clinical appointments. 
In the cost-effectiveness analysis performed by Severens et al. (1998), the costs 
were determined by calculating the patient medical costs, the parents’ travel 
costs, the costs for absence from work, and the out-of-pockets cost (costs related 
to the treatment paid for by the patient itself). There were significant differences in 
the medical costs between the IO group (€1,155) and the non-IO group (€400).
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Travel costs and costs for absence from work were also significantly higher in the 
IO group (€202 compared to €60). Out-of-pocket costs did not differ between the 
two groups. The short-term effects were measured at age 52 weeks. The 
variables that were included were duration of surgical soft palate closure, 
satisfaction of the mother, and collapse index. Since there were no differences in 
the general, surgical, and orthodontic effects measured at 52 weeks (Kuijpers- 
Jagtman et al., 1998), a cost-effectiveness analysis could not be carried out on 
these variables. Long-term effectiveness focussed on speech quality at the age of 
2.5 years that was assessed by a panel of expert listeners. The effects of IO on 
speech quality measured at this age were significant. Chapter 8 of this thesis 
deals with the cost-effectiveness analysis that was carried out on this effect 
measure.
Objectives of this thesis
This thesis describes the evaluation of the effects of IO on speech and language 
development in children with UCLP. The controversy on the value of IO also 
applies to this field as is illustrated by several reports in the literature. Those who 
are in favour of IO treatment state that it leads to better speech because it forces 
the tongue out of the cleft and provides it with almost normal support. This aids 
the development of normal tongue-tip behaviour (Stuffins, 1981; Hotz et al., 1986; 
Gnoinski, 1990; Gruber, 1990; Jansonius-Schultheiss, 1999). IO is also assumed 
to reduce the risk of middle-ear infections, because the naso-pharynx is kept clear 
(Oliver, 1973; Lubit, 1976). Furthermore, if palatal cleft width is reduced by IO 
prior to soft palate closure, more tissue should be available to contribute to the 
length of the soft palate instead of using it for bridging the cleft width. As a result, 
a better velopharyngeal competence may be expected (Gnoinski, 1990). In 
contrast, it may be inferred from studies that suggest that early palatal repair 
results in better speech (Witzel et al., 1984; Harding and Grunwell, 1993; Rohrich 
et al., 1996) that speech is negatively influenced by delayed hard palate closure, 
inherent to the IO treatment regime. Other opponents assert that an appliance 
reduces the tactile and kinaesthetic proprioception of the tongue against the 
palate during speech production (Dorf et al., 1985). These statements by both 
proponents and opponents are mainly based on clinical observations, intuition 
and personal preference. The Dutchcleft study was designed to provide the 
discussion on the relevance of IO with objective, scientifically documented results.
The aim of this thesis is to assess the effects of IO on speech and language 
development in children with complete UCLP. Children with cleft lip and palate
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experience a number of difficulties in their speech and language development. In 
the current treatment regimes, they begin their experimentation with sounds while 
the cleft is still unrepaired. It is known that these structural constraints affect 
sound production in babbling (O’Gara and Logemann, 1988; Estrem and Broen, 
1989; Chapman et al., 2001; Hutters et al., 2001) and later phonological 
development as well (Lynch et al., 1983; Estrem and Broen, 1989; Chapman and 
Hardin, 1992; Lohmander-Agerskov et al., 1994). Furthermore, differences in 
language skills between children with cleft and non-cleft peers have been 
reported (Eliason and Richman, 1990; Jocelyn et al., 1996; Neiman and Savage, 
1997).
According to its proponents IO treatment reduces abnormalities in the child’s 
oral cavity and provides the tongue with better support in tongue-tip articulations. 
During the period of application in the first year of life, the child may be able to 
develop more normal sensori-motor patterns in babbling, because the plate 
creates an artificial alveolar ridge and covers the cleft in the hard palate. It is 
expected that this will be reflected in the use of alveolar sounds and high- 
pressure sounds in babbling. The first two assessments in the speech and 
language evaluation therefore, took place during the pre-lexical period at the age 
of one year, just prior to soft palate closure, and at the age of 1.5 years.
Not only babbling, but also the development of later speech may be impeded 
or delayed in children with cleft palate. The unrepaired cleft in the first year of life, 
and the residual cleft in the hard palate at a later age affect the acquisition of 
speech sounds, in particular high pressure consonants. Since the babbling period 
is demonstrated to be related to the development of later speech (Oller et al., 
1976 Stoel-Gammon, 1985 Vihman et al., 1985), a beneficial effect of IO 
treatment in the pre-lexical period may also influence the phonological 
development in meaningful speech. In this light, it is hypothesised that the better 
opportunities to practice and establish normal speech motor patterns in the IO 
group will result in a phonological development that is closer to normal than when 
treated without IO. In order to evaluate this, the children’s phonological 
development between their second and third year was analysed.
The third hypothesis concerns the intelligibility of the children. Intelligibility is 
an important characteristic of speech that reflects the effectiveness of 
communication. If the IO children develop less deviant sensori-motor patterns for 
speech in the pre-lexical period, this may be reflected in more normal articulation 
patterns in meaningful speech, and thus lead to better intelligibility. Moreover, if 
the IO children follow a more normal phonological development, their word
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productions may closer resemble the adult productions and it may therefore be 
expected that their speech is more intelligible. In order to evaluate this issue, 
intelligibility of the children at age 2.5 years was investigated in an experiment in 
which a panel of lay listeners used two methods to assess intelligibility: a write­
down paradigm and a rating procedure.
Additionally, treatment with IO may positively influence later speech quality, 
again because of better and less deviant articulation patterns. This issue was 
addressed in a more comprehensive rating procedure by a panel of expert 
listeners. It is hypothesised that the IO group will obtain better ratings for aspects 
of speech quality such as ‘intelligibility’, ‘correctness of articulation’ and ‘total 
impression of speech’. Furthermore, it is expected that IO treatment will result in 
less deviant and less compensatory articulation (i.e., less lateralisation, less 
palatalisation, and less backing). To test these hypotheses a rating instrument for 
assessing speech of toddlers with cleft lip and palate was compiled on which 
expert listeners judged specific aspects of speech quality.
The literature on infant orthopaedics does not mention effects of IO on 
language development. However, speech and language development are closely 
inter-related and children with better speech may develop better language 
through mediation of more adequate feedback. So it is argued that IO may well 
affect language development too. Therefore, an assessment of the receptive and 
expressive language skills of the children from age 2 to 3 was included in this 
thesis.
Subsequently, since this trial was designed as a prospective longitudinal 
study, the possibility existed to explore the relationship between variables 
measured in the pre-lexical period and later speech and language proficiency. If 
such a relationship can be demonstrated this may have important implications for 
therapeutic management and early intervention of children with cleft palate, and it 
may also help to understand the effects of IO on later speech and language 
development. Therefore, the relation between phonetic characteristics of babbling 
and variables of speech and language development at age 2.5 years was 
investigated.
Finally, a cost-effectiveness analysis concerning the effects of IO on speech 
development was performed. Cost-effectiveness information can be used in 
addition to clinical efficacy to determine whether a medical technology or a 
treatment should be available to patients. In the cost-effectiveness analysis in this 
thesis, the costs involved with the treatment were related to the effects that were 
gained on overall speech quality.
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Outline of the thesis
The evaluation of effects of IO on speech and language development starts in the 
pre-lexical period. In this period, effects of IO on characteristics of babbling in 
infants at age 1 and 1.5 are investigated. Chapter 2 describes this investigation. 
The analysis in the lexical period begins with an evaluation of the effects of IO on 
phonological development. For this assessment, children were followed at 6- 
month-intervals in the period from age 2 to 3 years. The results are presented in 
Chapter 3. Subsequently, Chapter 4 deals with the intelligibility assessment 
performed by a panel of blinded lay listeners. The participants in this assessment 
were 2.5 years of age, and comprised, apart from the IO and non-IO group, also a 
group of children without cleft palate. In Chapter 5, a comprehensive rating 
instrument including specific aspects of cleft palate speech was used to evaluate 
the speech quality of the same group of 2.5-year-old children. This analysis was 
performed by a panel of blinded expert listeners. The effects of IO on language 
development are presented in Chapter 6. Children were assessed at 6-month- 
intervals from age 2 to 3 and also seen in a follow-up at the age of 6 years. 
Chapter 7 focuses on the relationship between phonetic characteristics in 
babbling at age 1 and 1.5 and later speech and language outcome at age 2.5. 
The hearing history of the participants is also taken into account in this chapter. 
Subsequently, the cost-effectiveness analysis performed on the data on speech 
development is described in Chapter 8. Finally, a general discussion on the 
results presented in this thesis is given in Chapter 9. This chapter also addresses 
the implications of these findings for therapeutic management of children with 
cleft lip and palate and gives suggestions for further research.
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Chapter 2
Summary
Infant orthopaedics (IO) is widely used to treat children with clefts. However, 
consensus on the relevance of this treatment is lacking. This chapter describes the 
effects of IO on the pre-lexical development of babies with unilateral cleft lip and 
palate (UCLP). The pre-lexical development of two groups of UCLP babies was 
compared at 12 and 18 months of age; one group received IO, while the other did 
not. Analysis of pre-lexical utterances was performed by means of a perceptually 
based sensori-motoric classification system. Consonant-like elements were also 
assessed by means of phonetic analysis of place and manner of articulation. At the 
age of 12 months the IO babies showed enhanced use of alveolar articulations. 
However, the effect of IO seemed to be transient, because the recordings obtained 
at 18 months showed similar use of all variables of sound production in the two 
groups. The longitudinal character of the clinical trial will enable the evaluation of 
the long-term effects of IO as the children grow older.
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Introduction
Many publications on pre-lexical development in young infants have appeared 
over the past ten years. Several studies showed that the phonetic repertoire, 
vocalisation length and phonotactic structure of canonical babbling and early 
words are very much alike (Oller et al., 1976; Stoel-Gammon, 1985; Vihman et 
al., 1985). This supports the issue of continuity between babbling and early 
linguistic sound production.
Similar, but less intensive interest has been shown in the pre-lexical 
development of infants with clefts. In most of the studies the pre-lexical and early 
linguistic productions of the babies with clefts differ from those of the non-cleft 
children and their phonetic repertoire is less extensive than that of their non-cleft 
peers (Salas-Provance, 1990). Furthermore, they frequently use the extremes of 
the vocal tract (i.e., glottal and labial) in their pre-lexical vocalisations (Grunwell 
and Russell, 1987; O’Gara and Logemann, 1988; Estrem and Broen, 1989). This 
is in contrast with normal speech development in which alveolar productions 
predominate at this stage (Stark, 1979; Stoel-Gammon, 1985; Chapman, 1991; 
Davis and MacNeilage, 1995). Vihman et al. (1986) reported that the 
development of normally developing children varies considerably in this respect, 
however. Cleft palate children also differ from non-cleft children in their first word 
productions. Accordingly, Lohmander-Agerskov et al. (1994) concluded that cleft 
palate babies (8-15 months old) exhibited a lower proportion of supraglottal 
anterior articulations than non-cleft children of the same age. A longitudinal 
investigation by O’Gara et al. (1994) showed that, across the age span in the 
study, the speech characteristics of the children with clefts changed towards more 
normal articulation. They found a decrease in the use of the glottal place feature 
from 5-11 months to 30-35 months. Other changes were increases in the use of 
palatal, alveolar and velar place features. Likewise, studies by Russell and 
Grunwell (1993) and Lohmander-Agerskov et al. (1994) indicated that older 
babies (13-15 months) produced relatively fewer glottal sounds than younger 
ones (8-9 months). The above provides evidence that the phonetic repertoire of 
cleft palate children deviates from normal at a very early stage. These deviant 
phonetic patterns may be the result of structural restraints and may persist in later 
phonological development, even after repair of the anatomical malformation.
Infant orthopaedics (IO) is intended to provide more normal anatomical 
proportions and promote the development of normal articulatory patterns. One 
form of infant orthopaedic treatment is the Zurich approach described by Hotz
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(1979; 1983). Treatment is started as soon as possible after birth and consists of 
the baby wearing a removable maxillary appliance (plate). The plate is worn until 
the soft palate is closed surgically. It is intended to guide the growth and position 
of the maxillary segments and to improve feeding and tongue posture. Opinions 
about the value of this treatment differ throughout the world (Winters and Hurwitz,
1995). Proponents claim that IO treatment aids speech and language 
development, because it creates a more adequate oral cavity, which facilitates 
experimentation with sounds. The appliance is said to lead to better speech, 
because it forces the tongue out of the cleft and provides it with almost normal 
support (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 1990; Gruber, 1990). 
Koopmans-van Beinum et al. (1990) found that the phonological development of 
two-year-old cleft children who received IO followed a more normal pattern than 
that of children who did not receive IO. However, methodological imperfections 
complicate the interpretation of the results in this study. Others claimed that IO 
may have a beneficial effect on middle-ear conditions, because the nasopharynx 
is kept clear, possibly reducing the risk of middle-ear infections (Oliver, 1973). In 
contrast, opponents stated that a plate reduces the tactile and kinaesthetic 
proprioception of the tongue (Dorf et al., 1985) and that speech is negatively 
influenced by delayed hard palate closure, inherent to IO. As support, several 
studies suggested that early palatal repair results in more normal speech patterns 
(Witzel et al., 1984; Harding and Grunwell, 1993; Rohrich et al., 1996).
To our knowledge no research reports have been published on the (long-term) 
effect of IO on speech development. The literature referred to above is based on 
clinical observations or has methodological shortcomings. This study addresses 
the effects of IO on pre-lexical development in children with unilateral complete 
cleft lip and palate. It forms part of a prospective clinical trial designed to 
investigate the effects of IO on speech and language development, surgical and 
orthodontic aspects, and more general aspects such as feeding and parental 
satisfaction (Kuijpers-Jagtman and Prahl, 1996). IO may aid the child’s pre-lexical 
development by creating better circumstances to practise sounds and articulation 
movements. As the plate obturates the whole cleft, treatment with IO may 
facilitate the production of consonant-like elements (contoids) with high intra-oral 
pressure build-up, the use of alveolar articulations, and prevent labiolingual 
articulation.
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Method
Participants
The participants in the study comprised 43 babies with complete unilateral cleft lip 
and palate (UCLP). They have all been participating in a Dutch three-centre 
prospective clinical trial on the effects of infant orthopaedics. At recruitment, 
which was within two weeks after birth, each baby was randomly assigned to one 
of two groups by means of computerised balancing for alveolar cleft width and 
birth weight. One group received IO according to a modified Zurich approach (IO 
group), while the other group did not receive IO (non-IO). All the other 
interventions were the same in the two groups. The babies were Caucasian and 
their parents were fluent in Dutch. None of the babies had been diagnosed as 
having cognitive or neurological impairment, or other congenital malformations. 
Primary lip repair (Millard technique) was performed at 18 weeks of age. The 
palate was closed in two stages, with velum closure at 12 months of age using 
the modified Von Langenbeck procedure. Hard palate surgery is delayed as is 
required by the IO treatment regime (Hotz et al., 1986). The infant orthopaedics 
protocol required the babies to wear the plate day and night, until velum closure. 
Eight of the babies stopped wearing the plate at an earlier stage, because they 
rejected the appliance.
The children’s sound productions were recorded for speech and language 
evaluation. The first recording took place at 12 months of age, just prior to soft 
palate surgery. Speech samples obtained at this age were available for 36 babies 
(18 IO and 18 non-IO). The second recording was at 18 months of age. Thirty- 
eight babies (19 IO and 19 non-IO) were recorded. Missing data at one of the two 
measurements occurred for reasons not related to the research. Development 
from 12 to 18 months was measured in 31 babies (15 IO and 16 non-IO) whose 
speech had been recorded on both occasions.
Data collection
All speech recordings were made during interaction with the child at his/her home. 
Registrations were made by means of professional video and audio equipment. 
One of the investigators counted the infant’s utterances and verified their acoustic 
quality during the recording. A minimum of 50 utterances without noise was 
required for each child. An utterance was defined as the egressive sound 
production during one respiration cycle. After the recording session, the parents
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were asked whether the sample obtained from their child was representative. If 
not, the recording was repeated immediately, or a few days later.
Per child, 50 speech-like pre-lexical vocalisations were randomly selected from 
the speech recording. Vegetative utterances were excluded from the analysis. All 
the samples recorded at 12 months were pre-lexical. At the age of 18 months, two 
of the IO babies had achieved the lexical phase of language development, and 
their speech samples were dominated by meaningful words. In these two cases, 
words instead of babble were used in the analysis at 18 months.
Analysis
In our study we required a framework to evaluate the effects of IO on pre-lexical 
development. If this development is improved by IO, the child’s sound play may 
be better developed because the child experiences less difficulty practising 
sounds and articulation movements. IO may also facilitate the production of 
specific contoids with high intra-oral pressure build-up, together with the use of 
alveolar articulations. Intra-oral pressure build-up may be more successful, 
because the plate obturates the cleft, thus preventing air from escaping through 
the nose. Likewise, as the alveolar cleft is also covered by the plate, the tongue 
tip may find better support in apico-alveolar articulations. For the same reason, 
there might be fewer labiolingual articulations.
The literature on early speech and language development presents different 
approaches to assess pre-lexical vocalisations. Describing infant utterances with 
IPA symbols has often been used, but this linguistic approach has also been 
criticised (Kent and Murray, 1982; Koopmans-van Beinum and Van der Stelt, 
1986). As an alternative to phonetic transcription, Buhr (1980), Kent and Murray 
(1982), De Boysson-Bardies et al. (1989) and many others employed acoustic 
analyses. Oller (1986) tried to bridge the methodological gap between the 
acoustic and phonetic transcriptional approaches by presenting a 
metaphonological approach. He stated that phonetic transcription can be 
performed with reasonable reliability and insight, provided that infant sounds are 
canonical and obey all restrictions of metaphonology. For the description of 
sounds that do not obey these restrictions, Oller preferred categorisation based 
on utterance features and metaphonological standards. A fourth approach to child 
language research uses classification systems to assess pre-lexical utterances. 
Koopmans-Van Beinum and Van der Stelt (1986) described a perceptually based 
sensori-motoric approach to classify infant utterances. Contrary to the other 
approaches, this classification system offers the possibility to assess
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development of vocalisations in detail from birth until the production of meaningful 
words along the same continuum. Therefore, this classification system, which has 
been described in detail by Clement et al. (1994) and by Koopmans-van Beinum 
and Van der Stelt (1998), was used in the present study to assess the 
development of sound play. Additional phonetic analysis of place and manner of 
articulation was performed to address the issues of contoid production. Phonetic 
transcription of sounds by means of IPA was avoided because the stage of 
canonical babbling had not yet been reached by all the participants.
Classification system
Koopmans-van Beinum and Van der Stelt’s classification system is based on the 
infant’s speech production system and its changing capacities during 
development. Vocalisations are classified for phonation and articulatory 
movement. Development in phonation is divided into four stages:
• Uninterrupted phonation or no phonation: there is no interruption in the voiced 
airstream or there is no phonation at all (UnPhon).
• Interrupted phonation: the voiced airstream is interrupted (IntPhon).
• Variegated phonation: every possible variation in intonation, except for level 
intonation; screaming and growling are included (VarPhon).
• A combination of interrupted and variegated phonation (Comphon).
Articulatory development is classified into three types:
• No articulatory movement (NoArt).
• One articulatory movement (1Art).
• Two or more articulatory movements during two or more syllables (2Art). 
Phonetic inventory
Phonetic analysis was used to construct contoid inventories of the infants. 
Contoid articulations were described in terms of place of articulation (labial, 
alveolar, palatal, velar, uvular, pharyngeal and glottal) and manner of articulation 
(stop, fricative, approximant, nasal). Occurrence of other phonetic features, such 
as nasal escape or labiolingual contact, was also transcribed. Subsequently, the 
relative frequency of occurrence was calculated by dividing the number of times a 
feature occurred by the total number of contoids produced. Six categories of 
contoid articulation that were likely to be influenced by IO were extracted for 
further analysis. These categories included: supraglottal articulation, oral stops, 
anterior stops, alveolar articulation, nasal escape and labiolingual articulation.
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Procedure
Firstly, two trained listeners classified all selected utterances (50 per child) 
independently according to the above-described classification system. Secondly, 
consonant-like elements in the utterances were analysed for place and m anner of 
articulation. Then, the results o f the two listeners were compared. Differences in 
classification or transcription were resolved with additional listening trials until 
complete consensus was reached. As the assessm ent o f all the samples was 
spread over a one-year period, consistency in the use o f the assessment 
procedures by the two trained listeners was tested regularly. This consistency 
was defined as test-retest agreement; it was calculated over 100 utterances (20 
children x  5 utterances), which were duplicated and re-evaluated at least six 
months later than the first assessment.
Statistics
Test-retest agreement was calculated by means o f Cohen’s kappa (Rietveld and 
Van Hout, 1993). Effects o f IO on aspects o f pre-lexical developm ent and on 
contoid articulation were evaluated by means o f two-tailed Student’s t  tests. All 
percentages were transformed into arcsin values before statistical tests were 
performed. Student’s t  tests fo r paired samples were used to assess changes in 
characteristics o f pre-lexical sound production over time. The equality of 
variances was tested with Levine’s test. In the case o f significant unequal 
variances, the appropriate degrees of freedom were used to evaluate the 
difference between the means. When needed, Bonferroni correction was used.
Results
Test-retest agreement
Separate agreement coefficients were computed fo r characteristics o f phonation 
and characteristics o f articulatory movement to test w hether the listeners were 
consistent in using the classification system. Kappa yielded 0.56 test-retest 
agreement fo r the classification o f phonation. This coefficient was significant at 
p<0.001. The greatest inconsistency in judgem ent was observed in the categories 
UnPhon and VarPhon. High test-retest agreement was obtained fo r the 
classification o f articulatory movements (kappa 0.91; p<0.001).
Separate kappa coefficients were calculated fo r place and m anner of 
articulation in the phonetic analysis of contoids. A ll the coefficients were 
significant at p<0.001. The agreement between the first and the second
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assessment o f place o f articulation yielded 0.60. Most inconsistencies in 
articulation place occurred in glottal articulation: it was difficult to identify w hether 
glottal articulation (i.e., glottal stop or fricative) was present or not. The kappa 
coefficient fo r supraglottal articulation place only was much higher: 0.78. Highest 
test-retest agreement was obtained for m anner o f articulation, with a kappa of
0.89. Phonetic analysis agreement in the course o f time was moderate to 
substantial for articulation place and very high fo r m anner o f articulation.
Classification of utterances
First, the utterances were classified. Frequency o f usage was calculated fo r each 
utterance category. Student’s t  tests were used to assess differences in category 
usage between the IO and non-IO group. Results showed that, at 12 months, the 
two treatm ent groups did not d iffer in the frequency o f usage fo r any category: 
none o f the t  tests were significant at p<0.05. Furthermore, the effect o f IO on the 
occurrence o f articulatory movements was assessed by testing w hether the two 
groups differed in the use o f utterances with 1Art and 2Art in contrast to NoArt. 
This variable was not statistically significant (t34=0.33; p=0.74) either.
As the groups had sim ilar pre-lexical characteristics, mean values were 
calculated fo r the entire group o f infants w ithout any distinction between the IO 
and non-IO groups (see Table 1). These data show that the one-year-olds 
predominantly produced vocalisations w ith uninterrupted phonation w ithout 
articulatory m ovement (38.0%). The second frequently used utterance type at this 
age was characterised by variegated phonation w ithout articulatory movement 
(25.0%).
Table 1. Classification of vocalisations of 36 UCLP children at 12 months. The numbers 
represent the mean percentage of vocalisations in each category
NoArt 1Art 2Art Total
UnPhon 38.0 5.7 1.7 45.4
IntPhon 1.5 0.1 0.0 1.6
VarPhon 25.0 11.5 6.1 42.6
ComPhon 8.4 1.8 0.8 11.0
Total 72.9 19.1 8.6 100.6
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At 18 months, there was no difference in the use of phonation types between 
the IO and non-IO groups. Nor was there any difference in the use of articulatory 
movements. Consequently, mean values were calculated for the entire group 
(Table 2). At this age, three categories were used most frequently: variegated 
phonation with one articulatory movement (23.0%), variegated phonation without 
articulatory movement (21.5%), and uninterrupted phonation without articulatory 
movement (19.8%).
Phonation characteristics
A closer look at the characteristics of phonation showed that most of the 
vocalisations in the 12 month age group were characterised by one of two 
phonation types: uninterrupted phonation or variegated phonation (45.4% and 
42.6% respectively). Interrupted phonation was hardly ever used (1.6% of the 
utterances); ComPhon characterised 11.0% of the vocalisations.
Changes in phonation occurred as the children grew older. The 18-month-olds 
produced more utterances with variegated phonation instead of uninterrupted 
phonation (t test for paired samples t31 =5.19; p<0.001). Variegated phonation was 
the most frequently used category at this age (55.3%). An increase in the use of 
ComPhon was observed, but this was not statistically significant after Bonferroni 
correction.
Table 2. Classification of vocalisations of 38 UCLP children at 18 months. The numbers 
represent the mean percentage of vocalisations in each category
NoArt 1Art 2Art Total
UnPhon 19.8 4.6 0.1 24.5
IntPhon 0.3 0.1 0.2 0.6
VarPhon 21.5 23.0 10.8 55.3
ComPhon 7.4 4.2 8.1 19.7
Total 49.0 31.9 1 9.2 100.1
Articulatory m ovement
At 12 months of age 72.9% of the vocalisations were made without any 
articulatory movement. Note that this category included vocalisations in which 
vocoids were alternated with glottal stops and glottal fricatives, because these are 
not real articulatory movements. In less than 20% of the utterances, one
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articulatory movement was made, while only 8.6% o f the vocalisations had a 
babble-like structure with two or more articulatory movements.
A t the age o f 18 months there was an increase in utterances with articulatory 
movements, but still almost half the utterances (49.0%) were made w ithout 
articulatory movement.
Phonetic inventory
All the contoid productions that occurred in the selected speech samples were 
analysed for place and m anner o f articulation. S ix categories o f contoid 
articulation that were likely to be influenced by IO were selected from  this 
phonetic analysis. D ifferences between the IO and non-IO groups were tested by 
means o f two-tailed Student’s t  tests. All the variables o f contoid production 
except fo r one proved to be sim ilar in the two groups (see Table 3).
Table 3. Means and standard deviations (between brackets) of articulation characteristics 
used by children at 12 and 18 months of age
12 months 18 months
IO Non-IO 
n=18 n=18
Sign IO Non-IO 
n=19 n=19
Sign
% supraglottal 31.8 39.4 0.29 62.0 56.2 0.47
contoids (19.6) (22.6) (22.1) (26.5)
% oral stops 0.8 5.9 0.16 13.5 13.1 0.93
(0.2) (14.5) (15.6) (15.2)
% anterior stops 0.1 0.2 0.66 2.2 1.0 0.37
(0.2) (0.7) (4.6) (3.1)
% alveolar 3.7 0.6 0.05* 7.7 4.2 0.15
articulations (6.1) (13) (8.8) (5.5)
% nasal escape 0 1 .1 0.13 5.0 2.6 0.21
(0) (3.9) (6.1) (5.2)
% labiolingual 0.8 1 .3 0.58 1.2 2.4 0.34
articulations (17) (3.9) (2.3) (4.9)
* significant at p<0.05
At 12 months, the two groups differed in the proportion o f alveolar articulations. 
Children in the IO group produced more alveolar sounds than non-IO children 
(p<0.05). The two groups had sim ilar frequencies o f occurrence o f all the other 
variables. A  low number o f supraglottal contoids were observed in the utterances
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from the two groups: glottal articulations constituted the most frequently used 
category at this age. Oral stops rarely occurred: only about 1% of all the contoids 
in the IO group, compared to about 6% in the non-IO group. Most of these stop 
sounds were made at a posterior articulation place. Anterior stops (i.e., labial or 
alveolar) made up a very small part of the total number of oral stop contoids. 
Nasal escape (nasal friction or nasal emission) and labiolingual contact were 
observed in a very small number of articulations.
At 18 months, the use of all variables of contoid production was the same in 
the two groups. The difference in the frequency of occurrence of alveolar 
articulations that was evident at 12 months was not found at 18 months of age. 
Significant changes in contoid production were observed from 12 to 18 months; 
these included increases in oral stops, alveolar articulations, and supraglottal 
articulations (p<0.008 for all variables). Treatment with IO did not affect this 
development. All the changes in the two groups across the age span in this study 
suggested a change towards more normal articulation.
Discussion
The effects of infant orthopaedic treatment (IO) were evaluated prospectively in 
two groups of babies with unilateral cleft lip and palate at 12 and 18 months of 
age. Pre-lexical development assessment using a sensori-motoric approach 
(Koopmans-van Beinum and Van der Stelt, 1986) did not show effects of 
treatment with IO. There were no differences in the phonatory characteristics of 
the vocalisations, or in the number of articulatory movements between the two 
groups. There was a marked change in phonation from 12 to 18 months. Children 
of 18 months old produced more utterances with variegated phonation and fewer 
with uninterrupted phonation than they did at 12 months. Likewise, there were 
changes in articulatory movement: at 18 months of age, the children made more 
utterances with one or more articulatory movement, but half of the utterances 
were still being produced without articulatory movement. The absence of 
articulatory movements in such a great proportion of the vocalisations contrasted 
with the extensive use of glottal sounds. It is known from the literature that cleft 
palate babies tend to produce larger proportions of glottal sequences (i.e., 
phonation interrupted by glottal stops) than non-cleft babies (Salas-Provance, 
1990).
Our finding that the use of supraglottal articulation increased with age in 
infants with clefts is consistent with the results reported by Grunwell and Russell 
(1988), Lohmander-Agerskov et al. (1994) and O’Gara et al. (1994). In the study
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by Lohmander-Agerskov et al. maturation fully accounted for this observation, 
because all the children had repaired soft palates at the time of the first recording. 
O’Gara et al. found an interaction between the timing of palatoplasty and the use 
of oral stop sounds: babies who underwent palatoplasty at or before 12 months of 
age produced significantly higher percentages of oral stops after one year of age 
than babies who underwent surgery after 12 months of age. This suggests that 
the increased use of supraglottal articulation we observed six months 
postoperatively in our study may have been due to both maturation and soft 
palate repair.
The classification system for pre-lexical development that was used in this 
study was designed as an alternative for the traditional linguistic transcription 
method, to avoid difficulties in classifying vocalisations that do not resemble adult 
speech. Treatment with IO did not affect the pre-lexical characteristics that were 
assessed with this sensori-motoric approach. Therefore, to evaluate more specific 
aspects of contoid articulation, we performed phonetic analysis of place and 
manner of articulation as well.
In their report on the Zurich approach, Hotz et al. (1986) hypothesised that IO 
has a positive influence on speech development, specifically the formation of 
alveolar contoids in babbling. This hypothesis was valid in the 12 months of age 
IO group in our study: they produced more alveolar sounds than the non-IO group 
(p<0.05). At a confidence level of 5%, this difference was significant. However, 
after Bonferroni correction the confidence level was set at p<0.008, implicating 
that the observed difference in alveolar productions was no longer statistically 
significant. Nevertheless, as none of the other differences in contoid production 
approached statistical significance, we believe that the two groups differed in the 
use of alveolar productions at age 12 months. This difference could not be 
confirmed at the age of 18 months. When interpreting these results, it should be 
kept in mind that the appliances were worn until the age of 12 months. Therefore 
IO did influence contoid production during the period of application, but the effect 
seemed to disappear after removal.
Another hypothesis in our study was that labiolingual articulations in the 
phonetic inventory of the cleft palate children may be related to impaired alveolar 
support for the tongue. In the Dutch language, these articulations are not 
acceptable, but they were observed in some of the children with cleft lip and 
palate. These sound productions also rarely occur in pre-speech of normally 
developing children (Oller et al., 1976). If IO prevents the production of
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labiolingual articulations these sounds would occur less frequently in the phonetic 
repertoire of children treated with IO. However, this did not occur in our study.
It was also hypothesised that IO would facilitate the use of (anterior) pressure 
contoids. No evidence was found to support this hypothesis. This finding is 
consistent with results of Lohmander-Agerskov et al. (1994), who did not observe 
a correlation between the use of intra-oral appliances and a high prevalence of 
anterior pressure sounds. It should be borne in mind, however, that there was 
high intra-group variation on all the variables. The literature also often reports 
substantial individual variability in speech and language development in young 
children (Vihman et al., 1986). This may have contributed to the low number of 
significant differences in our study.
A cautionary note has to be made concerning the mean frequencies of 
occurrence of most variables in the 12-month inventory. Apart from supraglottal 
articulations, hardly any other phonetic features were used at 12 months (their 
mean frequencies of occurrence did not exceed the 6%). Although we found that 
IO had an effect on alveolar productions, the relevance of this effect is not 
altogether clear on account of the low frequency of occurrence. It should be 
realised that IO was used in a two-stage palatal closure treatment protocol. It is 
known from the literature that delayed palatal surgery may impair speech 
development (Witzel et al., 1984; Harding and Grunwell, 1993; Rohrich et al., 
1996). Although Hotz et al. (1978) claimed that their two-stage subjects achieved 
speech that was comparable with that of their one-stage subjects, our study did 
not provide any hard evidence that IO might diminish the negative effects of a 
two-stage palatal closure regime on the development of speech.
Comparison with normal pre-lexical development was considered to be of 
interest. As there was no control group of non-cleft children in our project, a 
comparison was made with normally developing children using data from the 
literature. When we focused on the canonical stage in pre-lexical development, it 
was striking that the 12-month-old infants in our study did not babble as described 
by Oller (1980). Oller mentioned that at the canonical stage an average of 22% 
reduplicated utterances were produced, while an average of 20% non­
reduplicated canonical sequences were already being produced by the infants at 
7-10 months of age. The 12-month-old cleft lip and palate infants in our study as a 
group did not produce utterances with one articulatory movement on a 20%+ 
level. These children, including those who received IO treatment, thus showed a 
delay in canonical babbling compared to normal development. A relative delay 
was also present when the age at first identifiable word use was considered.
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Normally developing children begin to use meaningful words at the age of 12 
months. Eighteen of the 12-month-old cleft lip and palate children in our study had 
started word use, but none of them used more than three meaningful words as 
reported by their parents. At the age of 18 months, only 11 children were reported 
to use at least ten words. Only two of these babies produced more meaningful 
utterances than babble. Although it was interesting that both babies belonged to 
the IO group, too few subjects were involved to draw any conclusions.
When the contoid characteristics of the cleft palate infants’ speech in this study 
were related to those of normal speech development known from the literature, 
most of the changes in contoid articulation that occurred across the age span in 
our study seemed to indicate development towards more normal articulation. The 
increase in the use of supraglottal contoids was the most significant 
characteristic. A similar increase was reported by O’Gara et al. (1994) in children 
with cleft palate followed from 5-11 months to 30-35 months. In normal 
development, an abrupt shift from glottal to supraglottal sounds also occurs, but 
this change takes place at an earlier stage of around 30 weeks (Holmgren et al., 
1986). Another change over time observed in our study was an increase in 
alveolar articulations. Despite this increase, a predominance of anterior sound 
productions (labial and alveolar), like that reported in the phonetic inventories of 
normally developing children at 9-18 months of age (Stark, 1979; Stoel-Gammon, 
1985; Chapman, 1991), was not confirmed in the cleft palate children in our study. 
Our data also proved that the use of oral stops increased with age. However, 
these sound productions nevertheless only constituted a small proportion of the 
inventories compared to those in normal development (Stark, 1979). On the 
whole, audible nasal escape was present in only a few contoids. This cleft palate 
speech characteristic was chiefly observed in a few cases in the older age group 
(although the difference with the younger age group was not statistically 
significant). The increased proportion of supraglottal (pressure) contoids may 
account for this observation, because more frequent attempts at high-pressure 
articulations may lead to increased velopharyngeal failure.
Conclusions
Classification of pre-lexical utterances by means of a system based on a sensori- 
motoric approach did not reveal any significant effects of infant orthopaedic (IO) 
treatment. There was clear development of pre-lexical utterances with age. This 
was not affected by IO. At 12 months of age, the cleft lip and palate children 
predominantly produced utterances with uninterrupted phonation and without any
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articulatory movement. Six months later, more variation in phonation was 
observed and there were more articulatory movements.
Phonetic analysis of contoids showed that only one variable of contoid 
production was affected by IO: the use of apico-alveolar articulation at the age of 
12 months. In normal speech development, alveolar articulation is predominant at 
this age and more adequate conditions to produce these sounds may lead to 
more normal speech development in cleft palate children. No decisive 
conclusions can be drawn on the influence of IO on pre-speech development, 
because there was no persistent effect of IO at 18 months. The longitudinal 
character of this clinical trial will enable the evaluation of the long-term effects of 
IO and it will be possible to further test our hypotheses in older children.
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Chapter 3
Summary
The effects of infant orthopaedics (IO) on the phonological development of toddlers 
from 2 to 3 years of age with complete unilateral cleft lip and palate (UCLP) were 
investigated in this chapter. In a randomised clinical trial (‘Dutchcleft’), two groups of 
children with complete UCLP were followed up: a group treated with IO (IO group) 
and a group that did not receive this treatment (non-IO group). At birth, children 
were randomly assigned to one of the groups by means of computerised balancing. 
IO treatment based on a modified Zurich approach was started within two weeks 
after birth. The appliance was used until soft palate closure at 12 months of age. At 
the age of 2, the phonological skills of 16 children (9 IO and 7 non-IO) were 
analysed by means of a system for the assessment of phonological development of 
Dutch children (Fonologische Analyse van het Nederlands: FAN). At 2.5 years, 18 
children were assessed (9 IO and 9 non-IO), and at 3 years of age 12 children (6 IO 
and 6 non-IO) were evaluated. The analysis included: number of acquired 
consonants, order of phonological development, the use of phonological processes, 
and the occurrence of nasal escape. The results showed that in the 2.5-year-olds, 
the phonological development of most IO children was normal or delayed, whereas 
most children in the non-IO group followed an abnormal developmental pattern. At 
age 3, the children in the IO group had acquired more initial consonants than the 
non-IO group. No differences were found between the groups in the use of 
phonological processes or the occurrence of nasal escape. It was concluded that 
children who were treated with IO during their first year of life followed a more 
normal path of phonological development between 2 and 3 years of age.
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Introduction
Several studies on child language development have described the continuity 
from babbling to early linguistic sound production (Oller et al., 1976; Stoel- 
Gammon, 1985; Vihman et al., 1985). Vihman et al. (1986) and Vihman and Miller 
(1988) analysed the phonetic tendencies in the combined pool of word and 
babble vocalisations in English-speaking monolingual non-cleft children over a 7- 
month period from the age of 9 to 16 months. Large individual diversity was found 
in the use of consonant categories during the entire period. It was also found that 
at the point at which children used 15 words in a 30-minute session, considerably 
more babble than words was used in interaction. Words were typically short and 
included at least one consonant. Non-meaningful vocalisations were 
predominantly lacking a true consonant, but by the ‘15-word point’ an increase in 
the use of consonants in babble vocalisations was observed. The overall increase 
in the use of babble vocalisations with true consonants reflected an increasing 
orientation toward language.
Grunwell and Russell (1988) demonstrated that phonetic patterns that 
originated in pre-speech may persist in later phonological development in children 
with cleft lip and palate. They described the phonological development of two 
children with complete cleft lip and palate from pre-speech to the age of 3.5 
years. Both children exhibited abnormal phonetic development in babble prior to 
palatal surgery but showed considerable individual variation in their later 
phonological development. In one of the toddlers, persistent phonetic deviance 
seemed to restrict phonological development, but the other child developed a 
relatively normal phonological system once the palatal surgery provided an intact 
intra-oral mechanism. The authors concluded that each of these children had his 
own route for phonetic and phonological development. A later study by Russell 
and Grunwell (1993) confirmed the considerable individual variation in 
phonological development of eight 2.5-year-old children with cleft (lip and) palate.
Other reports on phonological development in toddlers with cleft lip and palate 
have also shown that these children often follow individual (and sometimes 
abnormal) patterns of phoneme acquisition. Lynch et al. (1983) demonstrated that 
children with cleft palate aged 29 to 37 months produced a disproportional 
number of words beginning with nasals and glides. The study by Estrem and 
Broen (1989) also showed that 2-year-old children with cleft palate differed from a 
non-cleft control group in that they tended to use fewer words beginning with 
[-sonorant] consonants and more words beginning with [-coronal] consonants.
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Chapman and Hardin (1992) compared the phonetic and phonological skills of 2- 
year-old children with cleft palate with children without cleft of the same age. 
Consonant inventories of the children’s speech showed that both groups used a 
similar number of different consonant sounds. However, children with cleft palate 
were less accurate in their production of nasals and liquids than their normally 
developing peers. Two phonological processes, nasal assimilation and backing, 
were more frequently used in the cleft group. Frequent phonological processes in
2.5-year-old children with cleft (lip and) palate (n=8) investigated by Russell and 
Grunwell (1993) were palatalisation, nasalisation, glottalisation, and backing of 
alveolars.
All studies cited in this introduction applied phonetic analysis (place and 
manner of articulation) or phonological process analysis to describe 
phonetic/phonological development. Process analysis provides more insight into 
the phonological abilities than articulation analysis, but it cannot give a complete 
assessment of the system of contrasts a child may have at his or her disposal. A 
more recent approach in the assessment of speech development is the use of 
non-linear phonological theories. Both phonological process analysis and non­
linear frameworks use features of place, manner and voicing in the classification 
of consonants, but they differ in that non-linear phonology focuses on the 
hierarchical nature of relationships among these features (Bernhardt and Stoel- 
Gammon, 1994). A hierarchical representation reduces the number and types of 
phonological rules necessary to describe the sound patterns of a language. The 
hierarchical relationship between features is represented in a feature geometry 
(see Figure 1). In a non-linear approach, the primary focus is on the child’s 
productions. When the child’s form is identical to the adult’s form, it is said to 
match; a non-match appears when there are differences between the two forms. 
From this point of view, non-matches are a consequence of a developing system 
that differs from the system used by adult speakers. During the period of 
phonological acquisition, the child gradually adds specified features to the set of 
universally unspecified features (the default features) and this way reorganises its 
system of phonological contrasts.
In this study a system for the assessment of phonological development of 
Dutch children that is based on non-linear phonology (Beers, 1995) was used for 
evaluating the phonological development of children with a unilateral complete 
cleft lip and palate (UCLP) in relation to treatment with infant orthopaedics (IO). 
Children born with a cleft lip and palate are often treated with IO. This treatment 
intends to guide the growth and position of the maxillary segments, to improve
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ROOT
LARYNGEAL SUPRALARYNGEAL
[voice]
MANNER PLACE
[consonantal] [labial] [coronal] [dorsal]
[sonorant] [continuant]
[round] [front]
[high] [low] [tense]
[lateral] [nasal] [rhotic]
Figure 1. The feature hierarchy used in the FAN analysis (Beers, 1995).
feeding and tongue posture, and is furthermore believed to aid speech and 
language development. Opinions about the value of IO treatment differ throughout 
the world (Winters and Hurwitz, 1995). Proponents state that this treatment 
facilitates speech development by creating better conditions to practice sounds 
and articulation movements (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 1990; 
Gruber, 1990). As the plate obturates the cleft, it may facilitate the production of 
consonant-like elements (contoids) with high intra-oral pressure build-up and the 
use of alveolar articulations. Opponents, however, believe that a plate reduces 
the tactile and kinaesthetic proprioception of the tongue (Dorf et al., 1985) and 
that the speech is negatively influenced by delayed hard palate closure, which is 
inherent to this treatment (Witzel et al., 1984; Winters and Hurwitz, 1995).
A type of infant orthopaedics used for treating children with UCLP is the Zurich 
approach, described by Hotz (1979; 1983). A prospective clinical trial into the 
effects of IO treatment based on a modified Zurich approach was started in 1993 
(Kuijpers-Jagtman et al., 1998; Severens et al., 1998; Konst, et al., 1999; Konst et 
al., 2000). Two groups are being followed in the trial: a group of children treated 
with IO and a group that did not receive this therapy. In the IO group, the 
appliance was worn day and night until soft palate closure at the age of 12 
months. Speech and language development is one of the aspects that are
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investigated in this trial. Assessment of pre-lexical development of the two groups 
at age 12 months (just prior to soft palate surgery) and at age 18 months showed 
that IO facilitated the production of alveolar contoids in the 12-months-olds 
(Chapter 2). All other characteristics of consonant production were the same in 
both groups. In the 18-month-old children, there was no longer a difference 
between the two groups regarding consonant production. It should be noted that 
the appliance was worn until the age of 12 months, at which time soft palate 
surgery was performed. It was concluded that IO influenced contoid production 
during the period of application, but the effect seemed to disappear after the 
appliance was no longer worn. Decisive conclusions could not be drawn. It is 
hypothesised, however, that because phonetic preferences originated in babbling 
may persist in later linguistic development, treatment with IO may result in less 
deviant phonological development. The purpose of the present study was to 
evaluate effects of IO treatment on phonological development of toddlers from 2 
to 3 years of age. To this end, the two groups in our trial (IO group and non-IO 
group) were followed at 6-month intervals until the age of 3 years.
Method
Part/c/pants
The participants in this study have all participated in a Dutch three-centre 
prospective clinical trial (called Dutchcleft) on the effects of infant orthopaedics. 
Babies with complete UCLP without soft tissue bands were recruited within 2 
weeks after birth and randomly assigned to one of two groups by means of 
computerised balancing with regard to alveolar cleft width and birth weight. One 
group received IO according to a modified Zurich approach (Hotz, 1979; 1983), 
while the other group did not receive this treatment. All other interventions were 
the same in both groups. Primary lip repair (Millard technique) was performed at 
18 weeks. The palate was closed in two stages, with soft palate closure at 12 
months using the modified Von Langenbeck procedure. Hard palate surgery is 
usually delayed until approximately 9 years of age. The appliance was worn 24 
hours a day until soft palate closure. However, two infants stopped wearing the 
plate at an earlier stage because they rejected the appliance. All babies were 
Caucasian and their parents were fluent in Dutch. None of the babies had been 
diagnosed as having cognitive or neurological impairment or other congenital 
malformations.
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The children were followed up at 6-month intervals from 2 to 3 years. In the 2 
years age group 16 children were assessed (9 IO and 7 non-IO). At the age of 2.5 
years, 18 children were evaluated (9 IO and 9 non-IO). At 3 years of age, 12 
children (6 IO and 6 non-IO) were investigated. The patients in the groups differed 
at the various time points: only six children (4 IO and 2 non-IO) were included in 
the phonological analysis at all three ages.
Data collection
All recordings were made in the child’s home environment using professional, 
high-quality audio equipment (Sony TCD-D7 DAT Walkman with a Sennheiser 
MD421U-4 dynamic microphone) and a Panasonic NV-M40E video camera while 
the child was engaged in free play with one of the researchers. A standardised 
set of age-appropriate toys was used to elicit speech. The toys were selected to 
represent words that are seen in the expressive vocabulary of the normally 
developing two-year-old child (Schlichting et al., 1995). Most words contained 
singleton consonants in a one or two syllable structure. We ensured that each 
recorded conversational sample contained a minimum of 100 well-recorded 
utterances and that it was representative of the child’s speech according to the 
parent.
FAN system for phonological assessment
The phonological development of the participants in this study was evaluated by 
means of a system for the assessment of phonological development of Dutch 
children based on non-linear phonology (Beers, 1995). This system (which is 
called FAN: Fonologische Analyse van het Nederlands) makes use of a feature 
hierarchy based on proposals that have been widely accepted by phonologists. 
The model represents hierarchical relations between features separately under a 
manner node and place node. Furthermore, the order in which children usually 
acquire the system of contrastive features is accounted for in the model. 
Segments with higher-level features are acquired before segments that have a 
more complex (lower-level) feature representation. In accordance with the 
constructionist view, the model allows individual variation in the order of 
acquisition. However, this variation is restricted by the dominance relations 
between features in the feature geometry. The feature hierarchy used in the FAN 
analysis is shown in Figure 1. In this hierarchy, the supralaryngeal node 
dominates the manner node and place node. The class nodes under the place 
node correspond to the three basic places of articulation for Dutch: labial
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(/p,b,f,v,m/), coronal (/t,d,s,zj,3,n,j/) and dorsal (/k,x,q/). The manner node 
dominates the features [consonantal], [sonorant] and [continuant]. Early in the 
development, the child has a reduced version of the feature hierarchy at his or her 
disposal, consisting only of the laryngeal node and the supralaryngeal place and 
manner node. The first expansion of this system is the appearance of the feature 
[consonantal]. Later on, segments specified by the features [sonorant] or 
[continuant] are acquired. This order of acquisition is related to the concept of 
markedness in the sense that unmarked elements are acquired before marked 
elements.
To classify phonological development, Beers (1995) formulated five degree-of- 
complexity subgroups (Table 1). The degrees reflect expansions of the feature 
hierarchy in normal development based on the acquisition of initial consonants. 
Other longitudinal studies addressing the acquisition of Dutch largely found the 
same order of acquisition (Fikkert, 1998). Fikkert, however, provided evidence for 
a more flexible order in the acquisition of manner of articulation features. Her 
results showed that the class of plosives are acquired first, followed by the class 
of nasals, but children may vary in the order in which they acquire fricatives, 
liquids and glides.
Table 1. The degree-of-complexity subgroups formulated by Beers (1995)
Degree Acquired contrasts Acquired initial 
consonants
Age of acquisition 
(years; months)
1 [sonorant], [labial], [coronal] /p,t,m,n,j/ 1;3 - 1;8
2 [dorsal] /k/ 1;9 - 1;11
3 [continuant] /s,x,h/ 2; o - 2; 2
4 [front], [round] /f,w/ 2;3 - 2;5
5 [lateral], [rhotic], [nasal] /l,r/ 2; 6 - 2; 8
A contrastive system of the first degree according to Beers (1995) is restricted to 
the features [sonorant], [labial] and [coronal]. In normal development, [sonorant] is 
acquired by the contrast between /p/ and /m/, or between /t/ and /n/. The feature 
[consonantal] occurs as the first feature in normal phonological development. It is 
therefore considered to be the default feature in the contrastive system and is not 
incorporated in the degree-of-complexity. Children with cleft palate often have 
difficulties in mastering segments that account for the default feature 
[consonantal], such as stop consonants which require high intra-oral pressure.
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They usually have fewer problems with segments specified by the feature 
[sonorant]. If stop consonants are absent in the consonant inventory, the child’s 
contrastive system will not even achieve the first degree-of-complexity because 
the contrast [sonorant]-[consonantal] is not acquired. The child’s development is 
then automatically classified as abnormal. We decided to include the feature 
[sonorant] as the default feature as was suggested by Jansonius-Schultheiss 
(1999). Children with cleft palate usually acquire the feature [sonorant] first. This 
feature furthermore characterises both consonantal segments (nasals, /l/, and /r/) 
and non-consonantal segments (glides). By including this new default feature, 
place of articulation features may be acquired by mastering non-consonantal 
sonorants and not necessarily by stops consonants. This way, the linguistic 
knowledge and phonological development of the child with cleft palate may be 
accounted for in a better way. Jansonius-Schultheiss furthermore suggested 
allowing other patterns of individual variation as well. She allowed the acquisition 
of the lower-level place features [round] and [front] before the acquisition of the 
higher-level place features [labial] and [coronal]. Beers (1995) classified this type 
of acquisition as abnormal because the hierarchical order of acquisition is 
violated. We agree with Beers that if the hierarchical order is violated, the pattern 
of acquisition should be classified as abnormal.
The FAN analysis is based on 100 words obtained from a sample of 
spontaneous speech. In case a recorded speech sample does not contain 100 
true words, phonological analysis may also be performed on the basis of smaller 
samples (Beers, 1995). Although some reports indicate that results do not differ 
for words extracted from spontaneous speech and words elicited by means of an 
articulation test (Chapman, 1993), a sample of the child’s spontaneous speech is 
preferred because it provides the researcher with a more representative picture of 
the child’s linguistic abilities in ordinary, every day situations than a structured test 
situation does (Grunwell, 1993; Beers, 1995). Imitations by the child are not 
excluded from the analysis, since imitations that occur in spontaneous speech are 
voluntary and reflect the child’s phonological abilities.
Procedure
Sixteen children (9 IO and 7 non-IO) were analysed at age 2. Because of the 
limited lexical development of these 2-year-olds, phonological analysis was 
performed on a sample of 50 words. Phonological analysis at age 2.5 years was 
based on a sample of 100 words. Eighteen children of this age (9 IO and 9 non­
IO) were included in the analysis. At the age of 3 years, 12 children (6 IO and 6
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non-IO) were included in the phonological analysis, which was also based on a 
sample o f 100 words.
The first step in the analysis according to FAN was the phonetic transcription. 
Narrow phonetic transcriptions using the International Phonetic A lphabet (IPA) 
were made by a trained listener who was blinded as to the treatm ent the children 
received. S ix randomly chosen recordings were also transcribed by a second 
trained listener in order to assess listener agreement. For the transcription of 
consonants, agreement between the listeners was calculated by dividing the 
num ber o f agreements by the num ber o f agreements plus disagreements. The 
agreement yielded 82% fo r all consonants regardless o f word position.
Once the transcription was made, the sounds that were acquired by the child 
were surveyed. As is suggested by Beers (1995), only syllable initial consonants 
were included in the inventory o f acquired consonants. We also followed Beers 
(1995) in our definition o f consonant acquisition. A  consonant was acquired by the 
child if the consonant was attempted at least tw ice and the percentage o f correct 
production was at least 75%. Second, the order o f phonological developm ent 
(normal, delayed or abnormal) was analysed. The developm ental order was 
determ ined by the system o f contrasts that is acquired by the child. The ch ild ’s 
contrastive system  was compared to what is expected fo r his or her age by using 
the degrees-of-com plexity (see Table 1). The developm ent is normal if the ch ild ’s 
contrastive system corresponds to what can be expected for his or her age. A 
delayed phonological developm ent occurs when the child uses a contrastive 
system that corresponds to a younger age group. Abnormal phonological 
developm ent is characterised by violation o f the hierarchical order o f contrasts, for 
example if a child has acquired the lower-level place features [round] and [front] 
before the higher-level place features [labial] and [coronal]. In this case, the child 
has acquired lower-level contrasts before higher-level contrasts under the same 
node. Finally, the occurrence o f cleft-related phonological processes such as 
backing, nasalisation, and glottalisation, as well as the occurrence o f nasal 
escape were investigated. All consonants (regardless o f syllable position) were 
included in this part o f the FAN analysis.
Statistics
It was hypothesised that IO treatm ent would influence phonological developm ent 
o f the children with UCLP. More specifically, it was supposed that the IO group 
would acquire more initial consonants and exhibit a more advanced system of 
phonological contrasts than the non-IO group. Student t  tests were used to
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evaluate differences in the num ber o f acquired consonants and percent 
occurrence o f phonological processes and nasal escape. All percentages were 
transformed into arcsin values before statistical tests were performed. To test the 
difference in the order o f phonological developm ent between the two treatm ent 
groups, an exact Chi2 test was used. An analysis o f variance (ANOVA) with 
repeated measures and concom itant simple main effect analysis was applied to 
evaluate differences fo r s ix participants who were included at all three time points. 
We are aware o f the fact that chance capitalisation could occur by applying series 
o f t tests and Chi tests, therefore the significance level was adjusted by means of 
a Bonferroni correction to a=0.016 fo r the variables ‘acquired consonants’ and 
‘order o f phonological developm ent’ and to a=0.004 fo r the variable ‘phonological 
processes’.
Results
Acquired consonants
First, the effects o f treatm ent with IO on the number o f initial consonants that had 
been acquired by the children was assessed. Table 2 shows the results o f this 
analysis. A t the age o f 2 years, the mean num ber o f acquired consonants in the 
IO group was 3.9, compared with a mean o f 1.4 acquired consonants in the non­
IO group. A  Student t  test showed that at this age, this difference was not 
significant (t14=1.66; p=0.12). A t age 2.5 years, the children in the IO group had 
acquired a higher number o f consonants (8.0) than the children in the non-IO 
group (4.1), however, the difference was not statistically significant after 
Bonferroni correction (t16=2.70; p=0.02). A t age 3 years, the mean number of 
acquired consonants was significantly higher in the group that had been treated 
with IO (t10=4.08; p=0.002) even after Bonferroni correction. The children in the IO 
group had a mean num ber o f 12.2 acquired consonants, compared with a mean 
o f 5.7 acquired consonants in the non-IO group.
Table 2. Mean number and standard deviation of number of acquired consonants per group, 
at 2, 2.5, and 3 years of age
Age IO group Non-IO group Significance*
2 years 3.9 (n=9) SD 3.8 1.4 (n=7) SD 1.1 ti4=1.66; p=0.12
2.5 years 8.0 (n=9) SD 3.7 4.1 (n=9) SD 2.1 ti6=2.70; p=0.02
3 years 12.2 (n=6) SD 2.8 5.7 (n=6) SD 2.7 ¿10=4.08; p=0.002
*the significance level after Bonferroni correction was a=0.016
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Order of phonological development
After the assessm ent o f the acquired consonants, the effect o f IO on the order of 
phonological developm ent was analysed. Three types o f developm ent were 
distinguished: normal development, delayed development, and abnormal 
development. As mentioned in the procedure, the developm ent was determ ined 
by the contrastive system used by the child. If the child ’s contrastive system 
corresponded to what can be expected fo r his or her age (in terms o f degrees-of- 
complexity) the phonological developm ent was normal. A  delayed phonological 
developm ent occurred when the child used a contrastive system  that corresponds 
to a younger age group. Abnormal phonological developm ent was characterised 
by violation o f the hierarchical order o f contrasts. Table 3 shows the results o f this 
analysis. A t the age o f 2 years, the phonological developm ent o f two children in 
the IO group was classified as normal and two were classified as delayed. Five 
children in this group followed an abnormal pattern o f acquisition. All seven 
children in the non-IO group developed an abnormal system  o f phonological 
contrasts. A  Chi test was used to determ ine whether there was a statistically 
significant difference between the groups in the order o f phonological 
development. This was not the case: Chi 2=3.39; p=0.09. A t 2.5 years o f age, the 
system o f phonological contrasts that had been acquired by the children was 
closer to normal in the IO group, compared with the non-IO group. The 
developm ent o f only one child in the IO group was characterised as abnormal, 
whereas eight children in the non-IO group had developed an abnormal system o f 
phonological contrasts. A  Chi2 test showed that the groups differed significantly in 
the acquisition o f phonological contrasts (Chi22 9.84; p=0.002). A t the age o f 3 
years, all children in the IO treatm ent group had developed a normal (n=4) or 
delayed (n=2) system o f contrasts; none o f these children followed an abnormal
Table 3. Number of children with a specific pattern of phonological development at 2, 2.5, 
and 3 years of age. The cells represent the number of children in each group
Age 2 years Age 2.5 years Age 3 years
Normal Delayed Abnormal Normal Delayed Abnormal Normal Delayed Abnormal
IO 2 2 5 4 4 1 4 2 0
Non-IO 0 0 7 0 1 8 0 4 2
Sign* Chi22=3.39, p=0.09 Chi22 =9.84; p=0.002 Chi22 =5.82, p=0.03
*the significance level after Bonferroni correction was a=0.016
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pattern o f acquisition. In the non-IO group, the phonological developm ent o f two 
children was classified as abnormal because the system  o f contrasts that they 
used violated the hierarchical order o f acquisition o f contrasts. The other children 
(n=4) in the non-IO group were delayed in the ir phonological development. A t this 
age, the difference in order o f phonological developm ent between the two groups 
was not statistically significant (Chi 2 =5.82; p=0.03).
Phonological processes and nasal escape
The third variable that was investigated was phonological process usage and 
occurrence o f nasal escape. The occurrence o f these cleft-related processes was 
expressed as the percentage occurrence fo r the total num ber o f consonants 
targeted by the child. To test differences in the occurrence o f these processes, 
the percentages were transform ed into arcsin values before Student t  tests were 
performed. Statistical analysis (Table 4) showed that in the two-year-olds, only 
the difference between the groups in occurrence o f nasal escape approached 
statistical significance. In the non-IO group, more nasal escape was present 
during consonant articulation compared with the IO group (t14= -3.28; p=0.005), 
however, after Bonferroni correction this difference was not statistically significant. 
Treatment with IO did not apparently affect any o f the phonological processes that 
were investigated in the 2.5-year-old children (Table 5). Nasal escape occurred 
more often in the speech o f children who had not been treated with IO, but 
statistical significance was not reached (t16=-2.07; p=0.06). The backing process 
is the only cleft-related phonological process that was present in more than 10% 
of the consonant articulations. Here too, occurrence in the non-IO group was not 
statistically d ifferent from occurrence in the IO group (t16= -1.41; p=0.18). Analysis 
o f the cleft-related processes at age 3 (Table 6) showed that there were no 
significant differences between the two groups. All phonological processes and 
nasal escape occurred at the same extent in both groups at this age.
Table 4. Mean frequency of occurrence and standard deviation of phonological processes 
and nasal escape (in percentages) at the age of 2
IO (n=9) Non-IO (n=7) Significance*
% backing 7.7 SD 7.7 20.5 SD 15.2 t14 = -1.73; p=0.11
% nasalisation 9.7 SD 9.3 5.5 SD 4.2 t14 = 0.83; p=0.42
% glottalisation 4.4 SD 5.4 7.4 SD 14.1 t14 = -0.36; p=0.73
% nasal escape 4.0 SD 2.6 12.3 SD 7.1 t14 = -3.28; p=0.005
*the significance level after Bonferroni correction was a=0.004
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Table 5. Mean frequency of occurrence and standard deviation of phonological processes 
and nasal escape (in percentages) at the age of 2.5
IO (n=9) Non-IO (n=9) Significance*
% backing 10.4 SD 10.2 21.1 SD 14.2 t16= -1.41; p=0.18
% nasalisation 5.2 SD 6.2 2.3 SD 2.3 t16= 1.02; p=0.32
% glottalisation 2.0 SD 4.6 2.1 SD 4.1 t16= -0.35; p=0.72
% nasal escape 5.7 SD 4.0 10.0 SD 5.2 t16= -2.07; p=0.06
*the significance level after Bonferroni correction was a=0.004
Table 6. Mean frequency of occurrence and standard deviation of phonological processes 
and nasal escape (in percentages) at the age of 3
IO (n=6) Non-IO (n=6) Significance*
% backing 5.5 SD 5.9 14.5 SD 14.5 t10= -1.01; p=0.34
% nasalisation 0.9 SD 0.1 3.1 SD 2.6 t10= -1.66; p=0.13
% glottalisation 0.0 SD 0.0 1.5 SD 1.7 t10= -2.64; p=0.03
% nasal escape 4.1 SD 1.8 8.7 SD 4.8 t10= -1.75; p=0.11
*the significance level after Bonferroni correction was a=0.004
Longitudinal analysis
In the analysis described in the sections above, the participants d iffer at the 
various time points. A  longitudinal analysis could be performed only fo r s ix 
children (4 IO and 2 non-IO) from the cohort in this study who were included in all 
three time points. The data from  this group were tested by means o f an ANOVA 
with repeated measures in order to evaluate differences over time fo r the same 
group o f patients, and with concom itant simple main effect analysis, in order to 
assess at which points in time effects o f IO occurred. For the acquired number of 
consonants, there was a difference between the groups at age 2.5 (F14=21.01; 
p=0.01) and also at age 3 (F14=57.9; p=0.002). A t both time points the IO children 
had acquired more initial consonants than the non-IO children. The results at age 
3 are in accordance with the analysis in which the participants d iffer at the three 
time points. However, contrary to the analysis described in the previous section, 
the analysis with repeated measures also showed a significant difference in 
acquired consonants at age 2.5.
For the phonological process usage and the occurrence o f nasal escape, the 
results were sim ilar to the analysis described in the previous section. There was 
one exception: in the longitudinal analysis, the groups differed in the occurrence
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of nasal escape at the age o f 3. In the non-IO children’s speech, statistically 
significant more nasal escape occurred (F14=45.4; p=0.003).
Discussion
This chapter describes the effects o f IO on the phonological developm ent of 
children from  age 2 to 3 years. The evaluation o f the same group o f patients at a 
younger age (1 and 1.5 years), described in Chapter 2, showed that treatm ent 
with IO facilitated the production o f alveolar contoids in the pre-lexical period. This 
effect was present only during the period in which infant orthopaedics was used. 
A t the age o f 1.5, when the soft palate was closed and the plate was no longer 
used, the effect seemed to disappear.
The results o f phonological analysis according to the FAN method described in 
this chapter show that IO treatm ent also affected the speech developm ent o f the 
children at an o lder age. The order in which children acquired contrastive features 
was influenced by treatm ent w ith IO. In the IO group, fewer children followed an 
abnormal developm ental pattern than the non-IO children. This difference was 
statistically significant at 2.5 years o f age. These results suggest that the children 
who were treated with IO seemed to have less difficulty in acquiring a normal 
phonological system  than the children who did not have IO treatment. An 
explanation fo r this finding could be that IO in the first year o f life provides the 
child with better conditions to practice sounds and articulation movements, 
because the cleft in the alveolus and the palate is covered with the appliance. The 
tongue finds a better support fo r the production o f alveolar sounds, which results 
in a higher use o f these sounds in babbling at 1 year o f age. The establishm ent of 
more normal speech m otor patterns in babbling may result in a more normal 
phonological developm ent at a later age because it is generally accepted that 
patterns in babbling correspond to patterns in first words. The influence o f the 
ch ild ’s speech production abilities on the developm ent o f the early vocabulary of 
children with cleft palate has been pointed out by Estrem and Broen (1989). They 
found that the lexicons o f 2-year-old children with cleft palate included more 
words beginning with [+sonorant] phonemes than the lexicons o f children w ithout 
cleft. Furthermore, the lexicons o f children w ithout cleft contained more words 
with initial alveolar phonemes, whereas children with cleft palate tended to target 
more words with labial and glottal sounds.
Another difference in our study that was observed in relation to treatm ent with 
IO was the number o f acquired (initial) consonants. A t the age o f 3, the children 
who were treated with the IO had acquired more (initial) consonants than the non-
53
Chapter 3
IO children. This effect was also present in the younger children, but these 
differences only approached statistical significance. It is not coincidental that the 
group who developed the system of phonological contrasts in a normal or delayed 
manner had acquired more consonants than the group with abnormal 
developmental patterns. The acquisition of new segments through expansion of 
the system of phonological contrast may progress more efficiently in a normal 
developmental pattern.
As the children grew older, there was an increase in the number of acquired 
consonants and a decrease in the number of children who developed an 
abnormal phonological system of contrasts. At age 3, all IO children used a 
system of phonological contrasts that was age appropriate or delayed. In the non­
IO group, there was also a decrease in the number of children who used an 
abnormal system of contrast, but this seemed to be at a later age than in the IO 
group. These results suggest that treatment with IO enhanced the phonological 
development in the period from 2 to 3 years. However, it can be expected that 
both groups will catch-up in phonological development. The literature shows that 
the period from 2 to 4 years in normally developing children is marked by a rapid 
development in speech sound acquisition (Grunwell, 1982). At the age of 4, most 
phonological processes have disappeared in normally developing children. 
Chapman (1993) concluded that at the age of 5, the phonological process usage 
of children with cleft palate is similar to their non-cleft peers, but at an earlier age 
(3 and 4 years) children with cleft palate more frequently employed common 
phonological processes in their speech. Chapman (1993) argues that these 
findings support the view that children’s early phonological simplifications occur 
as a result of articulatory incompetence.
It is important to mention the fact that only six children (4 IO and 2 non-IO) in 
this study were evaluated at all three time points. Although the study was 
longitudinal, the participants in the groups differed at the three time points. This 
was because of the fact that 14 of the 2-year-olds included in the trial failed to 
produce enough lexical utterances for the FAN analysis. The number of ineligible 
children was almost equal in both treatment groups (6 IO and 8 non-IO), so their 
exclusion at 2 years of age did not appear to affect the outcome of the study. 
However, the fact that only temporal effects were found (i.e., an effect in one age 
group but not in the others) was probably related to the differing participants in the 
three age groups. An ANOVA with repeated measures was carried out on the six 
children who were included in the analysis at all time points to evaluate 
differences over time for the same group of patients. This analysis revealed a
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more longitudinal effect of IO on the number of acquired consonants (i.e., at age 
2.5 and 3 years) than the separate analyses of groups at the three different time 
points (i.e., an effect only at 3 years). Furthermore an effect in the occurrence of 
nasal escape at age 3 occurred that was not present in the separate analysis at 
this time point. All other results were the same. The fact that even for two very 
small groups (IO n=4, non-IO n=2) effects were found in the analysis with 
repeated measures suggests that IO treatment indeed affected the phonological 
development of the children in this trial.
Conclusions
Children with complete UCLP who were treated with IO based on a modified 
Zurich approach in their first year of life followed a more normal order of 
phonological development between 2 and 3 years of age. Compared with children 
who did not undergo IO treatment, the IO treatment group had acquired more 
(initial) consonants at age 3. At 2.5 years of age, the system of phonological 
contrasts was normal or delayed in most IO children, but most non-IO children 
followed an abnormal developmental pattern. An earlier report on the Dutchcleft 
study showed that at 12 months of age, IO facilitates the production of alveolar 
consonants. The better opportunity in the IO group to practice these sounds in 
babbling may relate to the better phonological development between 2 and 3 
years of age.
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Summary
A randomised, prospective, clinical study was performed investigating the effects of 
infant orthopaedic treatment (IO) in children with unilateral cleft lip and palate 
(UCLP). The influence of IO on speech intelligibility was evaluated with two groups, 
each consisting of 10 children with UCLP. One group used an infant orthopaedic 
during the first year of life, whereas the other group did not use an appliance. Eight 
children without cleft served as a second control group. Intelligibility was assessed 
by lay listeners using two methods: transcription and listener rating. The ratings 
proved to be reliable and have sufficient validity, but they did not completely reflect 
intelligibility defined as the proportion of words understood by the listener. Children 
in the treatment group were rated as exhibiting greater intelligibility than those in the 
non-treatment group. However, data obtained by means of transcriptions indicated 
that, in fact, there were no group differences in actual intelligibility. Only in 
comparison with their non-cleft peers, the children with cleft lip and palate were 
significantly less well understood.
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Introduction
Children born with cleft lip and palate are likely to have associated speech 
problems to some extent. Frequently mentioned potential problems associated 
with cleft palate are: nasalisation of vowels, audible nasal emission, frequent use 
of glottal stops and pharyngeal fricatives, palatalisation and retraction of 
consonants, and weakened fricatives, plosives and affricates (Stengelhofen, 
1989). These characteristics affect speech intelligibility and, consequently the 
efficacy of oral communication.
Worldwide, cleft lip and palate patients are treated with infant orthopaedics 
(IO). One form of IO treatment is the Zurich approach (Hotz, 1979; 1983), in 
which a maxillary appliance is fitted as soon as possible after birth. The appliance 
is adjusted periodically and is worn until the soft palate is closed surgically. It is 
intended to guide the growth and position of the maxillary segments and to 
improve feeding and tongue posture. Proponents of IO treatment claim that the 
appliance leads to better speech (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 
1990; Gruber, 1990). Others say that speech may be negatively influenced by this 
protocol, because of delayed hard palate closure, inherent to IO (Witzel et al., 
1984; Harding and Grunwell, 1993; Winters and Hurwitz, 1995). Because the 
relevance of IO treatment has not been experimentally documented, it remains 
controversial.
In 1993, a prospective clinical trial on the effects of infant orthopaedic 
treatment according to a modified Zurich approach was started. The study 
investigates speech language development, surgical and orthodontic aspects, 
and more general aspects such as feeding and parental satisfaction (Kuijpers- 
Jagtman et al., 1998). Two groups are being followed in the trial: a group of 
children treated with IO and a group who did not receive this therapy (non-IO). 
The children entered the trial within two weeks after birth and were assigned to 
one of the treatment groups by means of computerised balancing for alveolar cleft 
width and birth weight. In the IO group, a maxillary appliance was inserted as 
soon as possible after birth. This appliance was made of soft and hard acrylic and 
covered the whole cleft, including the alveolar ridge and the soft palate. Apart 
from treatment with IO, all interventions were the same in both cleft groups.
The assessment of pre-lexical development of the children involved in this 
clinical trial showed that IO facilitated the production of alveolar consonants, at 
least in the short-term (Chapter 2). In the present chapter, the effect of treatment 
with IO on competence in oral communication reflected by intelligibility at age 2.5
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years is described. The results for the children with cleft lip and palate are 
compared to a control group of non-cleft peers.
The literature provides information about speech characteristics and 
development in children with clefts, regardless of whether they are compared with 
non-cleft peers, but the parameter of speech intelligibility has given rise to 
controversy. Although the topic of speech intelligibility has been of great interest 
and concern to professionals and researchers concerned with several other 
impairment, such as motor speech disorders and hearing impairment, it has been 
studied less in children with cleft palate. Authors who omitted speech intelligibility 
from their framework did so because of reliability and validity issues (Sell et al., 
1994; Wyatt et al., 1996). An additional reason for omitting this variable is that it is 
not only influenced by cleft-related variables, but also by intonation, accent, stress 
and speech rate (Wyatt et al., 1996). Research into intelligibility of individuals who 
are hearing impaired or have motor speech disorders has shown that 
suprasegmental factors, such as phonatory control, timing, and speech rate, 
affect intelligibility (Weismer and Martin, 1992; Olson Ramig, 1992). Moreover, 
linguistic aspects such as context, redundancy, syntactic complexity of the 
utterance, and the use of ungrammatical structures may also influence speech 
intelligibility (Yorkston et al., 1992; Garcia and Dagenais, 1998). In addition, the 
relationship between intelligibility and articulation errors in cleft palate speech is 
not altogether clear (Subtelny et al., 1972). These authors compared articulation 
ratings to intelligibility ratings and found that only 4% of the samples were judged 
to be unintelligible, whereas 34% were rated as severely defective in articulation. 
They concluded that cleft palate speech characterised by many articulation errors 
was not inevitably rated as unintelligible.
Although there is controversy about the relevance and reliability of the 
parameter speech intelligibility, other authors proposed to include intelligibility in 
the minimal standards for reporting treatment results (Dalston et al., 1988). We 
regard intelligibility as a basic aspect of speech performance because it provides 
an estimate of the viability of communication. Especially in young children, good 
intelligibility is not only indispensable for successful interaction with the 
environment, but also indirectly important for speech and language development 
that, at that age is influenced by interaction with other language users.
Intelligibility can be measured using a transcription procedure in which 
listeners are asked to write down what they understand of the speech. We agree 
with Samar and Metz (1988) that "the write-down paradigm, arguably, has clear 
face validity with respect to our current intuitions of the necessary properties of a
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suitable speech intelligibility construct". The main disadvantage of a write-down 
method, however, is that it is time-consuming. Therefore, in clinical practice and 
in research experiments, rating scales are commonly used to assess intelligibility. 
This is a convenient method that does not require much time to obtain an 
impression of speech performance, but its use can only be justified if reliability 
and validity can be demonstrated.
The validity of clinical intelligibility ratings in patients with cleft palate ranging in 
age from 6 to 43 years was investigated by Subtelny et al. (1972). The correlation 
between the ratings and the write-down data in that study was statistically 
significant, but not very high (r=0.70; n=104). Van Erp (1991) reported a similar 
correlation coefficient of 0.74 in an experiment with four trained listeners (n=10).
In another study, Subtelny (1977) described the validity of intelligibility ratings 
in a different type of speaker group, namely hearing-impaired speakers. This 
investigation yielded a much higher correlation of 0.87 (n=156) between the 
ratings and the write-down findings. Curvilinearity was present in the correlational 
data, suggesting that the association was not consistent over the entire 
intelligibility range. Samar and Metz (1988) also investigated the validity and 
reliability of this rating scale procedure in a group of hearing-impaired speakers. 
They determined the criterion validity by calculating the correlation between the 
write-down scores and the ratings. Although they found a high criterion validity 
coefficient of 0.94 for the rating scale measurements, their results suggested that 
rating scale scores could not distinguish adequately between participants whose 
transcription scores ranged between 20% and 80%. They concluded that the 
write-down procedure was superior to the scaling method and found little 
justification for the use of rating scales, although they restricted this conclusion to 
intelligibility assessment of hearing-impaired persons.
In our study, intelligibility measurements were performed on toddlers with 
unilateral cleft lip and palate (UCLP) within the framework of a prospective clinical 
trial into the effects of infant orthopaedic treatment. Intelligibility was assessed by 
two methods: a write-down method (with clear face validity, but time-consuming) 
and a rating scale procedure (requiring less time, but with unproven validity).
Method
Participants
Twenty-eight toddlers aged 2.5 years participated in this study. Twenty were born 
with complete UCLP, whereas eight had no history of palatal clefting. All children
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with clefts participated in the Dutch three-centre prospective clinical investigation 
of the effects of infant orthopaedics (‘Dutchcleft’). In the study reported here, a 
subgroup of ten children (8 male, 2 female) with UCLP was treated with the IO; a 
second group of ten children (9 male, 1 female) with UCLP did not receive this 
treatment. The eight children without cleft (2 male, 6 female) served as a second 
control group.
All children with UCLP entered the trial as soon as possible after birth. Apart 
from treatment with IO, all interventions were the same in both cleft groups. 
Surgical intervention took place at 18 weeks of age (primary lip repair according 
to the Millard technique) and at 12 months (soft palate closure according to a 
modified Von Langenbeck procedure). Hard palate surgery is delayed until 
approximately nine years of age, as is usual in the IO treatment regime (Hotz et 
al., 1986). All children were of Caucasian origin and their parents were fluent in 
Dutch. None of the children had been diagnosed as having cognitive or 
neurological impairment, or other congenital malformations. Seventeen children 
(8 IO and 9 non-IO) in the UCLP group, and two control group children went 
through middle-ear infections with hearing loss in the past. The other children, 
three children with UCLP (2 IO and 1 non-IO) and six children in non-cleft control 
group never had ear infections or hearing problems. The children’s receptive 
language skills measured with a standardised test (Reynell Developmental 
Language Scales-Dutch Version) were within the normal range for five children in 
the IO group, eight children in the non-IO group, and for all control group children. 
Four children in the IO group could not be tested because they were lacking 
concentration, and one child in this group obtained an at risk score. In the non-IO 
group, the receptive language skills of two children were at risk.
The treatment protocol required the children in the IO group to wear the 
appliance day and night until velum closure at 12 months of age. However, two 
children stopped wearing the plate at an earlier stage, because they rejected the 
appliance.
Data collection
A sample of spontaneous speech was recorded from all the children in the child’s 
home environment by the same team of investigators. Speech was recorded 
using high-quality audio equipment (Sony TCD-D7 DAT Walkman with a 
Sennheiser MD421U-4 dynamic microphone) and a Panasonic NV-M40E video 
camera. The child and one of the researchers were engaged in semi-structured 
play with a fixed set of toys. The toys were selected to represent a range of
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phonemes in words that are seen in the expressive vocabulary of a normally 
developing 2.5-year-old child (see appendix at page 184). Most words contained 
singleton consonants in a one- or two-syllable structure. It was ensured during 
recording that each recorded conversation sample contained a minimum of 100 
well-recorded utterances and that it was representative for the child’s speech 
according to the parent.
A unique subset of ten utterances per child was selected from the recorded 
sample to be used as stimulus material in the experiment. All these utterances 
were spontaneous with a clarified exact meaning for all the words. Clarification of 
meaning was done by one of the investigators while listening to the rephrasing in 
the conversation and watching the video recording showing the context of the 
conversation (toys that the child was playing with). Mean length of utterance 
(MLU) was also accounted for while selecting the utterances: the mean length of 
the ten selected utterances had to equal the MLU of the entire conversation 
sample. Furthermore, to control for the role of contextual cues, semantically 
related utterances were not used.
Procedure
Speech intelligibility was assessed by means of two methods: a write-down 
method and a rating procedure. Sixteen inexperienced, lay listeners (7 male and
9 female) of between 20 and 40 years of age participated in the experiments. The 
listeners were either university students or graduates. They all had normal 
hearing and were not familiar with cleft palate speech or with the objective of this 
study. A high-quality digital stimulus tape was constructed for use in the 
perceptual evaluation. The tape included 36 speech samples of ten spontaneous 
utterances each, all recorded with a sampling frequency of 40 kHz. Twenty of the 
samples were taken from the children with cleft lip and palate (10 IO and 10 non­
IO); eight samples from the normally developing children. Six samples were 
duplicated for calculation of intrarater reliability, and two additional samples of 
cleft palate speech were included to give the listeners an opportunity to practice 
the task. The tape was administered to the listeners by means of headphones; 
the video recordings were not used in the experiment. The ten utterances of each 
child were presented to the listeners in sequence; the order in which these 
samples were presented was randomised. Each utterance was played twice with 
a subsequent pause that enabled the listener to indicate in normal spelling what 
he or she had understood of the utterance. Immediately after the transcription of 
the last utterance of a sample, the listeners rated the intelligibility of the entire
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speech sample on a ten-point rating scale marked by the contrasting labels 
‘unintellig ible ’ (rating 1) to ‘intellig ible ’ (rating 10). A fter the experiment, the written 
responses were compared to the exact meaning o f the utterances, and the 
number o f correct words per sample was counted. The write-down intelligibility 
score o f a sample was defined as the proportion o f correctly perceived words out 
o f the total number o f words.
Statistics
To determ ine w hether the intelligibility ratings and the write-down intelligibility 
scores were reliable, C ronbach’s a was used to compute interrater reliability. 
Intrarater reliability was defined by the Pearson’s product moment correlation 
between test and retest scores. Criterion valid ity o f the intelligibility ratings was 
determ ined by the correlation (Pearson’s r) between the write-down scores and 
the ratings. The main objective o f this study was to evaluate a difference in 
intelligibility between the two cleft groups. Student t  test was used fo r this purpose 
because o f its robustness. An additional one-way analysis o f variance followed by 
post-hoc tests (Tukey’s HSD) were used to compare the cleft groups to the 
control group.
Results
Interrater reliability
Write-down task. A  high interrater reliability (16 raters) o f 0.99 (Cronbach’s a) was 
obtained for the write-down procedure. Tukey’s test for additivity was not 
significant (p>0.05), implicating that there was no interaction between rater and 
objects (n=28) in the data.
Inte llig ib ility ratings. The coefficient obtained fo r reliability o f the listeners’ 
judgem ents o f intelligibility was also very high. C ronbach’s a yielded 0.97 for the 
rating scale scores (see Table 1). Again, there was no interaction between rater 
and objects (p>0.05).
Intrarater reliability
Write-down task. A lm ost perfect correlation was found between the test and the 
retest samples (n=6) in the transcription task (Pearson’s r=0.98; p<0.01). A  t  test 
fo r paired observations showed that the mean write-down scores o f the test and 
the retest samples did not d iffer significantly in magnitude (t5= -0.10; p>0.05).
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Inte llig ib ility ratings. Intrarater reliability for the intelligibility ratings was also very 
high, when tested with six test-retest samples. The correlation between the 
ratings and the repeated ratings was 0.95 (p<0.01). Again, there was no 
significant difference between the magnitude of the ratings and the re-ratings 
(t5= -0.25; p>0.05).
Table 1. Interrater (16 raters) and intrarater (six test-retest samples) reliability of two 
intelligibility methods
Interrater reliability Intrarater reliability
(Cronbach’s a) (Pearson's r)
Write-down method 0.99 0.98
Rating procedure 0.97 0.95
Validity of intelligibility ratings
The validity of the ratings was evaluated by calculating the correspondence 
between the ratings and the write-down scores. For this purpose, the percentage 
of correctly perceived words was transformed into arcsin values. The (Pearson) 
correlation between the arcsin values and the ratings yielded 0.88. This 
coefficient may be corrected for attenuation due to the slightly imperfect reliability 
of the write-down scores (Pedhazur, 1982) by dividing the observed correlation by 
the square roots of the two reliability coefficients. The resulting validity coefficient 
was 0.90 (0.88/ (V0.99 x V0.97) =0.90). A scattergram of these values shows that 
the correlation for ratings of 4 and higher was good (Figure 1), whereas for ratings 
of lower than 4 the correspondence was poorer.
The correlation coefficients for the corresponding subsets, which are listed in 
Table 2, confirm this finding: they were 0.89 for ratings of 4 and higher (n=14), 
and only 0.26 for ratings of lower than 4 (n=14). A test for curvilinearity (Table 2) 
showed that the relationship was linear when measured over the whole range of 
scale values (p<0.001) and also linear for ratings of 4 and higher (p<0.001); 
however this was not valid for ratings of lower than 4 (p>0.05).
The disappointing correlation between the two intelligibility methods at the 
lower end of the intelligibility range was further investigated by calculating the 
standard deviations of the scores from both methods. Figures 2 and 3 show the 
results of this analysis. Standard deviations of the scores from the write-down 
method were relatively high at the lower end of the intelligibility range where few 
words were correctly recognised and decreased proportionately to the number of 
words correctly understood. This relationship was not present in the standard
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deviations from the ratings. Relatively high standard deviations were only found 
fo r ratings o f between 3 and 4 and between 6 and 7.
To determ ine the stability o f the rating scale measure, the true range o f w rite­
down scores corresponding with a given scale value was assessed. We 
calculated the mean write-down scores and 95% confidence intervals (CI) fo r all 
ratings in a given scale interval. For example, the mean write-down score and 
95% CI was computed for all ratings o f between scale value 2 and 3 (n=5), 
between scale value 3 and 4 (n=9), and so on. Figure 4 shows the mean w rite­
down score in percentages with the 95% confidence intervals plotted against the 
scale values. All 95% confidence intervals were sm aller than 0.09. This means 
that over the entire range o f intelligibility ratings, we can state with 95% 
confidence that the true write-down score never differed by more than 4.5 
percentage points from the observed mean. No relationship was found between 
the rated value and size o f the confidence interval: confidence intervals were of 
sim ilar size over the entire range o f intelligibility ratings. These results indicate 
that the rating paradigm used in this experiment was a stable measure.
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Figure 1. The correlation between the mean intelligibility rating and the mean write-down 
score (arcsin).
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Table 2. Pearson's product moment correlation between arcsin transformation of the 
percentage of words correct and the listeners' judgements
Listeners' judgements Linearity of 
Relationship
Arcsin of % words correct over 0.88 Linear, p<0.001
entire scale range (n=28)
Arcsin of % words correct over 0.89 Linear, p<0.001
scale values of 4 or higher (n=14)
Arcsin of % words correct over 0.26 Non-linear, p>0.05
scale values <4 (n=14)
Mean w rite-down score (arcsin) per interval
Figure 2. Standard deviation of the write-down score plotted per write-down interval (n= the 
number of observations in each interval).
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M ean ra ting  p e r sca le  in te rva l
Figure 3. Standard deviation of the intelligibility ratings plotted per scale interval (n= the 
number of observations in each interval).
M ean ra tin g  p e r s ca le  in te rva l
Figure 4. Mean write-down score with 95% confidence interval plotted against the mean 
intelligibility rating.
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Speech intelligibility
Effect o f infant orthopaedic treatm ent on speech intelligibility 
The write-down task did not show a statistically significant difference between the 
two cleft groups. There was a mean percentage of 31.2 correctly perceived words 
in the IO group (SD=23.8) versus 18.1% in the non-IO group (SD=8.1) (see Table 
3). Although the speech of the children treated with IO was -on the whole- better 
understood than that of the children without IO, the variation within the groups 
was such that a t  test did not reach significance (t18=1.30; p>0.05). The power of 
the test was low (0.26), which may be explained by the small number of objects.
In contrast with the write-down procedure, the rating experiment showed a 
significant difference between the two cleft groups (t18=2.44; p<0.05). Children 
treated with IO obtained higher ratings for intelligibility (mean rating=4.51) than 
children who did not receive IO treatment (mean rating=3.29).
Table 3. Results of the t tests: mean values and standard deviations for both cleft groups 
(IO and non-IO), t value and significance of difference between groups
IO (n=10) Non-IO (n=10)
Mean SD Mean SD t18 p
Percentage words correct 31.20 23.81 18.13 8.12
Arcsin of % words correct 1.09 0.62 0.81 0.26 1.30 0.22
Listeners judgement 4.51 1.41 3.29 0.70 -2.44 0.03
Comparison with non-cleft peers
The results of the two cleft groups were compared to those of their non-cleft peers 
by means of a one-way analysis of variance followed by post-hoc comparisons 
(Tukey’s HSD test). The analysis of variance showed a significant effect (p<0.01) 
both for the arcsin of the write-down variable and for the ratings. Post-hoc 
comparisons (see Table 4) revealed that the non-cleft children were significantly 
more intelligible than the two cleft groups (p<0.05). The percentage of correctly 
perceived words in non-cleft children’s speech was 56.5, versus 31.2% (IO) and 
18.1% (non-IO). Tukey’s HSD test also distinguished the intelligibility ratings for 
children with cleft lip and palate from the normally developing children, whose 
speech intelligibility was rated higher. The difference in intelligibility rating 
between the two cleft groups obtained with the t  tests was not significant when 
tested against the control group by means of the Tukey procedure.
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Table 4. Results of post hoc comparisons (Tukey's HSD test): mean values and standard 
deviations for three groups (IO, non-IO and no cleft palate) and the significance of the 
difference between the groups
IO (n=10) Non-IO (n=10) No cleft (n=8) Difference between*
Mean SD Mean SD Mean SD
Percentage 
words correct
31.20 23.81 18.13 8.12 56.52 16.34
Arcsin of % 
words correct
1.09 0.62 0.81 0.26 1.71 0.35 IO and no cleft 
non-IO and no cleft
Listeners'
rating
4.51 1 .41 3.29 0.70 6.18 1.81 IO and no cleft 
non-IO and no cleft
‘ difference significant at p<0.05
Discussion
Speech intelligibility can be defined as the match between the intention of the 
speaker and the perception of the listener. The write-down paradigm, in which 
words intended by the speaker are compared to words understood by the listener, 
meets this definition very well and was therefore chosen as the criterion measure 
in our study. In clinical practice and experimental research, intelligibility is often 
assessed using rating scales. A rating scale procedure is only justified if its 
reliability and validity are proven. The reliability of the rating procedure in our 
study appeared to be very high: the lay listeners who rated the speech were able 
to do so reliably. Nevertheless, it is not certain whether the ratings are valid and 
whether they reflect the viability of oral communication defined as intelligibility. As 
Samar and Metz (1988) stated: "No matter what the raters think they are listening 
for and rating, there is no a priori guarantee that the most salient perceptual 
features of complexly disordered speech will correspond to the target construct. It 
is one thing to tell raters what you want them to rate. It is quite another thing to 
demonstrate that they are actually capable of rating it".
The high correlation between the write-down task and the rating procedure in 
our study indicated that both methods measured the same concept to a large 
extent. A closer examination of the relationship between the two methods at issue 
revealed that the correlation at the lower end of the intelligibility range (ratings of 
less than 4) was low and not significant. Apparently, the ratings were a good 
reflection of the write-down scores for more easily intelligible speech, but not for 
poorer speech. The poor correspondence between the two intelligibility methods 
at the lower end of the intelligibility range may have resulted from the wide
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variation in the lower write-down scores. The standard deviations for the write­
down task were larger -on the whole- when only a few words were correctly 
recognised. Apparently, when speech was almost unintelligible, listeners varied 
more in their ability to understand this speech. Obviously, guessing what the 
speaker intended is easier in fairly intelligible speech because of greater 
redundancy of the message. It seems likely that guessing produces the same 
results for most listeners when the speech is not too difficult to understand; 
therefore variation in the write-down scores decreased with better intelligibility. 
Although none of the raters were experienced in listening to children's utterances, 
some of them were fairly competent in reconstructing speech with low 
intelligibility.
The above discussion shows that the two intelligibility methods did not 
measure exactly the same concept. When both methods were used to assess the 
intelligibility of two groups of differently treated cleft lip and palate children, the 
rating paradigm showed a significant difference between the groups, whereas the 
write-down procedure did not. An explanation for this result could lie in the fact 
that the write-down task was relatively insensitive to aspects of speech quality 
other than intelligibility, whereas these aspects may have influenced ratings. 
Ratings may, for example, be negatively affected by a characteristic such as 
nasality, which may be distracting but not necessarily degrading to the 
intelligibility. Although the listeners in our experiment were instructed to rate 
intelligibility on the basis of the percentage of words they understood, it is not 
certain that they actually did so. When the ratings (range 1-10) were compared to 
the write-down scores it appeared that the listeners systematically overrated the 
intelligibility of the speakers. This notion was confirmed by the regression 
equation (rating= -0.2008 + 11.8 x proportion write-down).
A note should also be made about the requirement in the write-down paradigm 
that the intention of all utterances must be known by the investigator. The use of a 
fixed set of toys and the video recording always provided the investigators with 
enough contextual cues to select and understand the ten utterances per child. 
However, the speech of some children with cleft lip and palate was very difficult to 
understand, even when contextual cues were present. In children who produced 
many highly unintelligible utterances, the representativeness of the sample was 
degraded by the requirement of the write-down paradigm that only completely 
comprehended utterances can be used. In these cases, the intelligibility 
measurements may therefore have overestimated the children's actual 
communication competence.
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Another remark concerns the speech material used in this study. Picture 
naming or having the child repeat a list of words would have sufficed to assess 
intelligibility. However, the same material was also used to investigate other 
speech and language aspects, so a conversation sample of spontaneous speech 
was necessary. Typically spontaneous speech varies widely in content and 
utterance complexity. It is known from the literature (Osberger, 1992; Kent et al., 
1994; Garcia and Dagenais, 1998) that linguistic context, semantic 
predictiveness, and length of utterance play an important role in how well speech 
is understood. In this study, we attempted to overcome these difficulties by using 
a fixed set of toys in the conversation and by accounting for MLU when selecting 
utterances for the experiments. Care was also taken not to include utterances that 
were semantically related to each other.
A final remark should be made about the absence of visual cues in the 
stimulus material. Obviously, contextual support provided by visual information is 
an important aspect in communication. Visual information might have improved 
the listeners' understanding of the short sentences of these toddlers. It should 
therefore be emphasised that the intelligibility assessment in these experiments 
only provided information about the competence of the speaker to transmit a 
message by means of spoken language, and did not reflect the child's 
competence as an interactive communication partner.
Conclusion
The main purpose of this study was to investigate the effect of treatment with 
infant orthopaedics on the speech intelligibility of young (2.5-year-old) children 
with cleft lip and palate. Lay listeners used two assessment methods to judge 
speech intelligibility: a write-down paradigm and a rating scale procedure. The 
reliability of both methods was high. When the ratings were correlated with the 
criterion measure (a write-down paradigm), good validity was observed for ratings 
of 4 and higher. Correlation between the two methods at the lower end of the 
intelligibility range was poorer. The results show that children in the treatment 
group were rated as exhibiting greater intelligibility than those in the non­
treatment group, however, data obtained by means of transcriptions indicated 
that, in fact, there were no group differences in actual intelligibility. Apparently, the 
appliance facilitated speech parameters other than intelligibility that influenced the 
listeners to give higher ratings. Although the use of IO may enhance the 
desirability of the perceived speech, the actual intelligibility in terms of how well
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the speech is understood should not be expected to improve due to the use of the 
appliance.
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Chapter 5
Summary
In this chapter the effects of infant orthopaedics (IO) administered in the first year of 
life on the speech proficiency of 2.5-year-old children with complete UCLP were 
investigated using a perceptual evaluation instrument with equal-appearing interval 
(EAI) scales. In a prospective randomised clinical trial (‘Dutchcleft') two groups of 
children with complete UCLP were followed longitudinally. One group received 
infant orthopaedics based on a modified Zurich approach (IO group) and the other 
group did not (non-IO group). The appliance was used until soft palate closure at 
age 12 months. Hard palate closure is delayed until 9 years of age. Three groups of
2.5-year-old toddlers participated in this investigation: 10 IO, 10 non-IO, and 8 non­
cleft controls matched for age and socio-economic status. Five trained listeners 
assessed the children's speech in a blinded perceptual rating procedure. They 
judged 13 specific speech characteristics, indicated their total impression of the 
speech, and estimated the number of speech therapy sessions that in their opinion 
were needed. The results showed that the reliability and consistency of 12 of the 
rating scales was good. The rating scale ‘intelligibility' was the single speech 
characteristic that distinguished the IO group from the non-IO group: the IO group 
was judged to be superior. The two cleft groups did not differ regarding any of the 
other speech aspects. Both cleft groups differed from the non-cleft group on 10 of 
the 12 scales.
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Introduction
It is well understood that children with cleft palate are at risk of developing speech 
irregularities due to the structural deviations associated with the cleft. The 
phonetic abnormalities associated with cleft palate that are mentioned in the 
literature are: weakened high pressure consonants, audible nasal emission, 
palatalisation of consonants, backing of consonants, frequent use of glottal stops 
(Stengelhofen, 1989), misarticulation of /s/, nasopharyngeal snort (Morley, 1970), 
aspirate phonation, and glottal stop and pharyngeal fricative compensatory 
articulations (Bzoch, 1979). Additionally, hypernasality and dysphonia are also 
mentioned (McWilliams et al., 1984). Harding and Grunwell (1996) summarised 
the consonants reported to be most affected by cleft palate, viz. /s,zj,3,p,b,t,d/.
A frequently applied and potentially useful technique to evaluate speech 
characteristics is perceptual evaluation via rating scales. Several procedures exist 
for assessing speech via rating scales. In their review, Kreiman et al. (1993) 
pointed out that equal-appearing interval scales (EAI), visual analog scales 
(VAS), direct magnitude estimation (DME) and paired comparison tasks have all 
been employed as procedures to evaluate speech or voice quality. Of these 
methods, EAI scaling (usually with seven-point scales) has been applied most 
frequently. Although many studies have been published using perceptual 
evaluation procedures to assess cleft palate speech, it is unclear which of the 
many rating scales, procedures, and statistics are best suited to measure 
characteristics of cleft palate speech. Particularly for this patient group, where 
development of normal speech is one of the most important goals, the need for an 
adequate and reliable perceptual evaluation instrument is urgent. Initiatives have 
already been undertaken to standardise the parameters of speech evaluation in 
the clinical setting (Sell et al., 1994; Wyatt et al., 1996; Hirschberg and Van 
Demark, 1997; Shaw et al., 2000; Sell et al., 2001). A framework for perceptual 
evaluation of cleft palate speech in a multilingual perspective was provided by the 
Eurocleft Speech Group (1993). However, there is still considerable controversy 
about which parameters of speech should be evaluated and how they should be 
measured.
In the present chapter, a perceptual rating instrument with EAI scales was 
developed to evaluate the effects of infant orthopaedics (IO) on the speech 
proficiency of 2.5-year-old children with complete unilateral complete cleft lip and 
palate (UCLP). IO is used in many cleft palate centres, especially in Europe, in 
the comprehensive care of children with cleft lip and palate. There is considerable
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controversy regarding this treatment. In the past decades, both proponents and 
opponents of IO have expressed their opinions in the literature. Among the 
advantages of IO claimed in the literature are correct alignment of the alveolar 
segments and narrowing of the cleft (McNeil, 1956), facilitation of surgical closure 
of the cleft and thus improved aesthetic outcome (Gnoinski, 1990), facilitation of 
feeding (Oliver, 1973; Lubit, 1976), parental support (Lubit, 1976; Huddart, 1990), 
and improved speech (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 1990). 
Opponents state that this treatment is expensive, inhibits maxillary growth 
(Pruzansky, 1964) and increases the incidence of dental caries (Bokhout et al.,
1996). These reports, except for the study by Bokhout et al., are largely anecdotal 
and based on clinical observations and they hardly provide the discussion on the 
value of IO with objective, scientifically documented arguments. In order to 
investigate the effects of treatment with IO based on a modified Zurich approach 
a three-centre randomised prospective clinical trial (‘Dutchcleft') was started in 
1993 in the Netherlands.
The results described in the previous chapters suggest that IO administered in 
the first year of life is beneficial to the speech and language development at the 
short-term as well as the long-term. Children treated with IO showed enhanced 
production of alveolar contoids in babbling at 12 months of age, while the plate 
was still in situ (Chapter 2). Their phonological development from age 2 to 3 was 
closer to normal when compared to the non-IO group (Chapter 3). Furthermore, at 
the age of 2.5 years, the IO group received higher ratings for speech intelligibility 
(Chapter 4). At age 2.5 and 3, children in the IO group produced more complex 
sentences with a larger mean length of utterance (MLU) (Chapter 6). In the 
present chapter the effects of IO on speech characteristics in 2.5-year-old 
children are evaluated by means of perceptual evaluation on rating scales. To this 
end, a specific set of EAI rating scales was developed to assess the speech of 
children with cleft palate. Those scales that were rated reliably and consistently 
were used to evaluate the impact of IO on speech characteristics in 2.5-year-old 
toddlers with UCLP.
Method
Study design and treatment protocol
The study was designed as a three-centre prospective two-arm randomised 
controlled clinical trial. The infants that were included had complete UCLP and 
were born at full term. Their parents were all Caucasian and Dutch was their
80
Perceptual evaluation of the speech of toddlers with UCLP
native language. Patient exclusion criteria included the presence of other 
congenital malformations (except for syndactyly) or of soft tissue bands. Parents 
of eligible infants were verbally informed about the trial. The formal informed 
consent contained comparable written information, and was signed by the parents 
after they had agreed to allow their children to participate. All infants entered the 
trial within two weeks after birth and were subsequently randomly assigned to one 
of two groups: the IO group (which received IO in the first year of life) or the non­
IO group (which did not receive such treatment). All other interventions were the 
same in both groups.
Infant orthopaedic treatment thus started within two weeks after birth. The 
technique used is described in Prahl et al. (2001). The appliance, made of soft 
and hard acrylic, was worn 24 hours a day until soft palate closure. The mean 
duration of IO was 50 weeks. At 18 weeks, the lip was closed surgically according 
to the Millard technique. The palate was closed in two stages, with soft palate 
closure (modified Von Langenbeck procedure) at 12 months of age. Hard palate 
closure is delayed until approximately nine years of age. In order to standardise 
the treatment, all specialists participated in consensus meetings.
Participants
A total of 54 babies (41 boys, 13 girls) were included in the trial, 27 in the IO 
group and 27 in the non-IO group. In total, the intake of this patient sample 
covered a period of more than three years. A detailed description of the sample 
characteristics is given in Prahl et al. (2001). The data in this chapter are derived 
from three groups of 2.5-year-old toddlers: a group of 10 children with UCLP 
treated with IO (8 male, 2 female), a group of 10 children with UCLP treated 
without IO (9 male, 1 female) and a control group of 8 non-cleft peers (2 male, 6 
female). The non-cleft controls were matched for age and socio-economic status. 
The sample assessed in this chapter is smaller than the total number of children 
participating in the full trial due to the lengthy recruitment period. At the time of the 
present evaluation, only ten children with UCLP of this age were available in each 
group.
Data collection
A sample of spontaneous speech was recorded from all the participants in the 
child's home environment by two investigators. The speech was recorded using 
high-quality audio equipment (Sony TCD-D7 DAT Walkman with a Sennheiser 
MD421U-4 dynamic microphone) while the child was engaged in a semi­
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structured play scenario with one of the researchers. A fixed set of toys likely to 
elicit words that are most commonly heard in the active vocabulary of the 
normally developing 2.5-year-old child was used (Schlichting et al., 1995).
Rating scales
The rating scales employed in this study were selected from the literature to 
constitute a comprehensive perceptual instrument for the evaluation of the results 
of IO treatment on the speech characteristics of children with UCLP (Bzoch, 1979; 
Dalston et al., 1988; Eurocleft speech group et al., 1993; Sell et al., 1994; Harding 
and Grunwell, 1996; Hirschberg and Van Demark, 1997; Sell et al., 2001). The 
perceptual evaluation instrument comprised the following rating scales:
Place o f articulation
1. Palatalisation. On this scale, a speech characteristic is rated that may occur 
in alveolar and velar consonants. When palatalisation occurs, the target 
consonant is produced with palatal articulation (i.e., the blade of the tongue 
makes contact with the hard palate).
2. Lateralisation. Scores on this scale indicate whether or not the voiceless 
fricative /s/ is realised with lateral airflow rather than with central airflow.
3. Fronting. Ratings on this scale specify whether an alveolar consonant is 
produced with a more fronted place of articulation (i.e., dental or interdental).
4. Backing. The rating scale ‘backing' applies to the articulation of both plosive 
and fricative consonants. If the target consonant is produced with a more 
posterior place of articulation resulting in a phonetic change in the sound, the 
item should be awarded a low score. If the backing results in a phonemic 
change, a high scale value should be given.
5. Glottal articulation. This aspect refers to both the occurrence of a glottal stop 
simultaneously with the articulation of a plosive or a fricative, and to a 
substitution of these consonants by a glottal stop. Glottal stops are used to 
compensate for the fact that the air pressure built up in the oral cavity during 
the production of pressure consonants is insufficient.
Voice characteristics
6. Hyperkinetic voice. This rating scale was included because a hyperkinetic 
voice may also relate to difficulties in oral pressure build-up. It is 
characterised by strong contraction of the muscles participating in phonation 
and results in a harsh and strained voice.
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Nasalisation
7. Hypernasality. Hypernasality in this experiment was defined as excessive 
nasal resonance accompanying normally non-nasalised target vowels. This 
speech aspect is associated with velopharyngeal insufficiency.
8. Nasal emission. On this scale, the incidence of audible escape of nasal 
airflow during the production of a consonant is rated. This speech aspect is 
associated with velopharyngeal insufficiency.
9. Nasal fricative. This characteristic receives a high score if a turbulent airflow 
in the nasal cavity occurs simultaneously with a fricative or as a substitution 
for a fricative.
10. Nasal snort. Nasal snort is defined as velopharyngeal friction during the 
production of a consonant. This characteristic applies to both plosives and 
fricatives.
11. Nasal realisation. If an oral consonant is substituted by a nasal consonant this 
is scored as nasal realisation.
General evaluative characteristics
12. Correctness of articulation. This rating scale refers to the extent to which the 
articulation of an utterance is correct.
13. Intelligibility. On this scale, the listeners rated how much of the utterance they 
were able to understand.
14. Total impression. The listeners were asked to consider all the above aspects 
of speech quality to determine their overall impression of the child's speech. 
This scale was included in order to obtain a general, summarising effect 
measure to be used in the cost-effectiveness analysis that was part of the 
clinical trial (Severens et al., 1998; Chapter 8).
All EAI scales, except for the scale ‘total impression', were seven-point rating 
scales. Seven-point scales are most frequently used in the literature. In practice, 
most listeners do not use the whole range because they avoid scale extremes 
(Kreiman et al., 1993). A seven-point scale offers the listener enough detail and 
discriminative power to distinguish various levels of severity. A scale with ten 
points was used for the listeners' total impression of the speech. Since we asked 
the listeners explicitly to give the child a report mark for his/her speech, this score 
range, which corresponds with the grades given in Dutch schools, was 
considered appropriate for the scale ‘overall impression'.
B3
Chapter 5
The scales were constructed in such a way that a high scale point indicates 
that a speech characteristic is strongly present. On the scales ‘intelligibility', 
‘correctness of articulation', and ‘overall impression' a high scale value 
corresponds with better speech. As all the other scales represent speech errors, a 
high scale value on these scales corresponds with less well speech.
Need fo r speech therapy
The listeners also indicated whether, in their opinion, the child required speech 
therapy in the year following the assessment, and, if so, what the estimated 
length of the treatment should be. This EAI scale contained five options: speech 
therapy not required, 12 therapy sessions, 24 sessions, 36 sessions, or 48 
sessions.
Procedure
From the recorded conversations with the children a speech sample of 15 
utterances per child was selected for use in the blinded perceptual evaluation. All 
these utterances were spontaneous with a clarified exact meaning for all the 
words. The ratings were carried out by five trained female listeners. All were 
graduated speech therapists with experience in assessing cleft palate speech, but 
they were not involved in the children's treatment.
Before the actual experiment took place, the raters attended a specially 
designed training session allowing them to familiarise themselves with the scales 
and the speech samples. First, the listeners were asked to absorb the definition of 
a particular scale, after which they listened to two typical examples of the speech 
characteristic involved (anchor stimuli). In one example the speech characteristic 
was strongly present, in the other example less so. Second, the listeners were 
asked to rate two samples of cleft palate speech (not included in the experiment) 
in order to practice the specific demands of the rating task.
The actual rating procedure took approximately two hours and comprised a 
total of 34 listening blocks, i.e., twenty listening blocks of speech samples of the 
children with UCLP (10 IO and 10 non-IO), eight samples from the normally 
developing children, and six listening blocks that were presented twice (not 
consecutively) for calculation of intrarater reliability. The order in which the 
listening blocks were presented to the listeners was randomised. A listening block 
included four repetitions of the same speech sample. The mean length of 
utterance (MLU) of the speech sample equaled the MLU of the entire recorded 
conversation. The orthographic transcription of each speech sample was printed
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on the scoring sheet. The listeners were asked to read the transcription after 
which they were presented with three repetitions o f the speech sample allowing 
them  to make all necessary ratings. The fourth presentation o f the speech sample 
afforded them  the opportunity to give the ir total impression o f the speech, and to 
indicate the need fo r speech therapy in the year following the experiment. An 
example o f the scoring sheet is given in the appendix at page 185 to 186.
Statistical analysis
The first step in the analysis procedure was to determ ine the reliability o f the 
measuring instrument. The concept o f interrater reliability implies that the listeners 
rate the objects in a parallel fashion, although the absolute rating may vary from 
listener to listener. The interrater reliability o f the ratings on the interval scales 
was calculated by means o f Cronbach's a, the appropriate statistic when raters 
are considered as a fixed factor and the objects (here: speech fragments) as a 
random factor (Rietveld and Van Hout, 1993). A  scale's reliability was considered 
sufficient if Cronbach's a exceeded 0.75 (Van Erp, 1991). Intrarater reliability was 
assessed by means o f Pearson's correlation coefficient between ratings and re­
ratings. The consistency o f the ratings (intrarater agreement) was evaluated by t  
tests, which compared the absolute values o f the ratings and re-ratings.
Secondly, the ratings on the scales that were rated reliably and consistently 
were used to identify d ifferences in speech characteristics between the IO, non-IO 
group, and the non-cleft control group. To this end, series o f univariate analyses of 
variance (ANOVA) was carried out followed by post-hoc tests (Tukey's Honest 
Significant Difference test) when the omnibus F ratio was statistically significant.
For the scales that showed a statistically significant difference between the IO 
and non-IO group, the effect size was calculated. Effect sizes may be used to 
assess the magnitude and meaning (clinical importance) o f a treatm ent effect 
(Kazis et al., 1989). The effect size in this study was expressed as 
ES= (m io- m non-io)/overall SD, where m io is the mean rating in the treated group 
(IO), mnon-io is the mean rating in the non-IO group, and overall SD is the standard 
deviation pooled over both groups (Cohen, 1977). Cohen defined an effect size of
0.20 as small, one o f 0.50 as moderate, and one o f 0.80 or greater as large.
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Results
Interrater reliability
The interrater reliability was assessed by computing Cronbach’s a for each rating 
scale. The scales and corresponding reliability coefficients are listed in Table 1. 
When Cronbach’s a exceeded 0.75, scales were considered to be scored reliably, 
which was the case for all scales, except for the scale ‘fronting’. The results on 
‘fronting’ were therefore excluded from further analysis.
Table 1. Interrater reliability (Cronbach's a) and intrarater reliability (Pearson's r) of the 
rating scales. The significance of the Pearson correlation is indicated with asterisks
Rating scale Cronbach's a Pearson's r
Palatalisation 0.B1 0.B5*
Lateralisation of /s/ 0.B4 0.B1*
Fronting 0.23
Backing 0.95 0.9B**
Glottal articulation 0.90 0.96**
Hyperkinetic voice 0.7B 0.B9*
Hypernasality 0.90 0.94**
Nasal emission 0.90 0.9B**
Nasal fricative 0.90 0.95**
Nasal snort 0.B7 0.63 ns
Nasal realisation 0.B9 0.9B**
Correctness of articulation 0.93 0.99**
Intelligibility 0.96 0.99**
Total impression 0.9B 0.9B**
Need for speech therapy 0.97 0.99**
*= significant at the 0.05 level, **= significant at the 0.01 level
Intrarater reliability
Intrarater reliability was calculated by means of Pearson's correlation coefficient. 
Since a high correlation between a test and a retest does not guarantee that the 
objects are given the same ratings in both tests, t tests were carried out to 
determine whether the values of the test and retest ratings differed significantly in 
magnitude. Table 1 shows the correlations between the six test and retest
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samples fo r each rating scale. Intrarater reliability was high fo r all scales with 
exception o f the characteristic ‘nasal snort', signifying that, apart from this aspect, 
the listeners were consistent in the ir ratings. The characteristic ‘nasal snort' was 
subsequently excluded from  further analysis.
None o f the t  tests, apart from  the one for ‘nasal realisation' were statistically 
significant at the 5% level. The t  test for the ratings on ‘nasal realisation' was 
significant at p=0.04 (t5=2.7): the ratings in the first judgm ent were on average 0.3 
scale points higher than those in the retest. Since ratings on this scale had not 
been consistent, they were excluded from  further analysis.
Use of the rating instrument in evaluating the effects of IO
As described in the previous section, the three aspects that were not rated 
reliably or consistently (i.e., ‘fronting', ‘nasal snort', and ‘nasal realisation') were 
excluded from  further analyses. The remaining 12 reliably scored rating scales 
were used to evaluate the effects o f treatm ent with IO and to compare the 
children with cleft lip and palate to the control group o f non-cleft peers. To this 
end, per speech variable univariate analysis o f variance (ANOVA) followed by 
post-hoc comparisons (Tukey's HSD test) were carried out. Prior to this analysis, 
the homogeneity o f the variances was tested by means o f Levene's test of 
homogeneity. None o f the scales yielded significant tests o f Levene, indicating 
that the homoscedasticity assumption was not violated and therefore univariate 
ANO VA was appropriate. The results o f these tests are listed in Table 2.
The two cleft groups differed from the non-cleft group on most rating scales, with 
the characteristics ‘palatalisation' and ‘lateralisation' being the two exceptions. On 
these scales the three groups obtained sim ilar ratings. As fa r as differences 
between the two cleft groups are concerned, there was only one rating scale that 
could discrim inate between the IO group and the non-IO group, i.e., the scale 
‘intelligibility'. The IO group obtained significantly higher intelligibility ratings than 
the non-IO group (p<0.05), indicating that the intelligibility o f the IO group's 
speech was superior. To evaluate the meaning o f this statistically significant 
difference, the effect size ES=(m io- m non-io)/overall SD was calculated. ES yielded 
1.0 (2.62-1.44/1.17), which was large.
The ratings on the other scales showed that the cleft-related speech aspects 
were judged to be least present in the non-cleft control group (they obtained 
lowest ratings for these speech errors). The ratings fo r intelligibility and 
correctness o f articulation were high in this group, indicating that the speech of 
the non- cleft group was more intelligible and better pronounced.
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Table 2. Results of the ANOVA analyses: mean scores and standard deviations (in 
parentheses) and significance of group differences on 12 rating scales for 10 UCLP children 
treated with IO (IO), 10 UCLP children treated without IO (non-IO), and 8 children without 
cleft (no cleft).
Rating scale IO
(n=10)
Non-IO
(n=10)
No cleft 
(n=8)
Sign of 
group effect
Difference
between*
Palatalisation 2.28
(126)
2.28
(1.20)
1.03
(1.33)
0.078
Lateralisation of /s/ 1.98
(169)
1.60
(123)
1.30
(116)
0.592
Backing 4.08
(179)
4.08
(179)
1 .1 8 
(1.22)
<0.001 IO and no cleft 
non-IO and no cleft
Glottal articulation 1.94
(135)
2.12
(135)
0.23
(0.33)
0.004 IO and no cleft 
non-IO and no cleft
Hyperkinetic voice 1.54
(1.02)
1.42
(0.82)
0.60
(0.24)
0.044 IO and no cleft
Hypernasality 3.28
(1.08)
3.66
(0.98)
0.58
(0.39)
<0.001 IO and no cleft 
non-IO and no cleft
Nasal emission 2.76
(117)
3.76
(115)
0.38
(0.42)
<0.001 IO and no cleft 
non-IO and no cleft
Nasal fricative 3.06
(147)
3.92
(159)
0.45
(0.50)
<0.001 IO and no cleft 
non-IO and no cleft
Correctness of 
articulation
1.88
(1.01)
1.24
(0.48)
4.15
(0.95)
<0.001 IO and no cleft 
non-IO and no cleft
Intelligibility 2.62
(132)
1.44
(0.65)
4.78
(0.78)
<0.001 IO and non-IO 
IO and no cleft 
non-IO and no cleft
Total impression of 
speech quality
3.52
(175)
2.18
(0.62)
7.13
(1.49)
<0.001 IO and no cleft 
non-IO and no cleft
Estimated need for 
speech therapy 
(number of sessions)
34.56
(13.73)
45.84
(2.64)
8.10
(11.89)
<0.001 IO and no cleft 
non-IO and no cleft
‘ difference significant at p<0.05
Correlation between the ratings
The rating scale ‘total impression of speech quality' was included in order to 
obtain a general, evaluative measure that could be used in the cost-effectiveness 
analysis that was part of the clinical trial (Severens et al., 1998; Chapter 8). 
Pearson correlations were calculated in order to determine the relationship of this
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general variable with each of the other, more specific variables. As was to be 
expected, the variables ‘intelligibility' (r=0.97) and ‘correctness of articulation' 
(r=0.96) both correlated highly with ‘total impression of speech quality'. There was 
also a negative high correlation with ‘backing ' (r= -0.85) and ‘hypernasality' 
(r= -0.82), indicating that the presence of the characteristics ‘backing' and 
‘hypernasality' correlated with lower ratings for ‘total impression'. All correlations 
were significant at p<0.001.
Table 3. Results of the multiple regression analysis with ‘intelligibility' as dependent variable
Predictor variable Beta Significance Cumulative R2
Correctness of articulation 0.75 p<0.001 0.89
Lateralisation 0.21 p<0.001 0.91
Backing -0.28 p<0.01 0.93
In this study, ‘intelligibility' was considered a key outcome variable, not only 
because this was the single speech aspect that distinguished the IO group from 
the non-IO group, but also because this speech characteristic was regarded as a 
crucial facet of communication. In order to gain more insight into the speech 
aspects that had contributed to the judged intelligibility, a multiple regression 
analysis (stepwise procedure) was performed with ‘intelligibility' as the dependent 
variable (see Table 3). There were nine predictor variables in the regression 
analysis. Three of these were included in the regression equation, as they 
contributed significantly to the prediction of the scores on the scale ‘intelligibility'. 
These variables: ‘correctness of articulation', ‘lateralisation', and ‘backing', 
explained 93% of the variance of the ‘intelligibility' rating. There was a positive 
correlation between ‘intelligibility' and ‘correctness of articulation', and between 
‘intelligibility' and ‘lateralisation' and a negative correlation between ‘intelligibility' 
and ‘backing'. The inclusion of the predictors ‘lateralisation' and ‘backing' only 
slightly increased the amount of explained variance.
Discussion
The effects of treatment with IO in the first year of life on later speech of UCLP 
toddlers were evaluated by means of perceptual ratings on a set of equal- 
appearing interval (EAI) scales. EAI scaling is often used in circumstances in 
which no objective measuring instrument is available, but it has some limitations. 
The validity of a measurement procedure rests on the psychophysical nature of
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the dimension that is studied. Stevens (1975) indicated that dimensions are either 
prothetic or metathetic in nature. According to Stevens, a prothetic continuum is 
additive, whereas a metathetic continuum is substitutive. An example of a 
prothetic continuum is loudness. This aspect of speech varies in magnitude or in 
quantity. A prothetic continuum such as loudness cannot be partitioned into equal 
intervals by listeners. If raters attempt to partition a prothetic dimension into equal 
intervals, they typically demonstrate a systematic bias toward subdividing the 
lower end of the continuum into smaller intervals than the upper portion of the 
continuum. Interval scaling, therefore is said to represent measurement of a 
prothetic continuum poorly. Direct magnitude estimation (DME) scaling does not 
assume a linear partitioning of the continuum and is a more appropriate 
procedure for prothetic dimensions.
An example of a metathetic continuum is pitch. With a metathetic dimension, 
listeners are able to divide the continuum into equal intervals, because the 
listeners' naturally occurring perceptual intervals are equal. Therefore, EAI scales 
are suitable for quantification of a metathetic dimension.
Many of the perceptual dimensions commonly scaled in speech pathology, 
such as nasal voice quality or intelligibility are prothetic in nature (Schiavetti, 
1992; Zraick and Liss, 2000) and may therefore be poorly represented by interval 
scaling. Nevertheless, many investigators have used EAI scaling to measure both 
metathetic and prothetic dimensions, since DME may not be the most practical 
method for clinical measurement of speech. In measuring intelligibility for 
example, the lack of an easily interpreted unit of measurement reduces the 
clinical utility of DME for communication of intelligibility data to other professionals 
or laypersons. Additionally, the DME procedure can be somewhat cumbersome to 
use because it requires the use of either a standard speech sample assigned to a 
modulus value, or the difficult modulus equalisation technique to remove 
interlistener variance in selection of a modulus value for the free-modulus 
procedure (Schiavetti, 1992). Folkins and Moon (1990) furthermore, indicate that 
the differences between the EAI and DME scaling may not always justify the extra 
work required to perform DME procedures. In the present study, EAI scaling was 
preferred over DME for practical reasons. First of all, the DME approach requires 
a reference stimulus for each speech dimension that is measured. In a 
multidimensional approach as in the present experiment, listeners rate all 
dimensions one after another per listening block. This procedure implies that if a 
reference stimulus is used, this stimulus should correspond to the same modulus 
value on the scale for all dimensions. Obviously, this is impracticable. Another
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reason for using EAI scaling in this study was that our expert raters were familiar 
with this type of scaling. The use of a new method would probably have 
introduced additional interrater variability, thereby reducing the reliability of the 
data. It should be noted, however, that in perceptual rating experiments 
evaluating one single dimension, the use of a DME approach may prevail over 
EAI scaling, because the power of the scale may be enhanced in a DME 
approach.
The actual rating experiment in our study was preceded by a training in which 
so-called anchor stimuli were used. For each rating scale, two anchor stimuli with 
the corresponding scale value were displayed to the assessors. The scale values 
of the anchors had been determined beforehand through consensus listening 
performed by another panel of expert listeners. The training was included since it 
has been reported that even highly experienced listeners frequently completely 
disagree on what they hear (Kreiman et al., 1993). Training with reference 
samples, as was done in our study, may promote better interrater agreement than 
simply selecting experienced raters (Kent, 1996).
Before any ratings could be used in the evaluation of IO treatment, we needed 
to establish whether our ‘human measuring instrument' was indeed reliable and 
consistent. If, like in many clinical research settings, we had employed a single 
rater or consensus rating by more than one rater, the reliability of the ratings 
could not have been determined. We therefore opted for a panel of listeners. The 
interrater reliability (Cronbach's a) and intrarater reliability (Pearson's r) of the 
ratings were calculated for all interval rating scales. There was one scale on 
which the judgements were not reliable: the scale ‘fronting'. The low value of 
Cronbach's a for this scale was caused by the fact that the speech characteristic 
itself varied only slightly between the objects (F33,132=1.30; p>0.05), and by the 
presence of interaction between rater and object (p<0.001). The difficulty that 
raters experienced in judging ‘fronting of speech' may be explained by the fact 
that this speech aspect is difficult to perceive from auditory stimuli only. Typically, 
visual information is used as well in rating this feature.
There were two other scales, viz. ‘nasal snort' and ‘nasal realisation', that were 
not scored consistently. The Pearson correlation between the test-retest samples 
on the scale ‘nasal snort' was not statistically significant (r=0.63; p>0.05). It 
should be noted that there were only six test-retest samples on each scale. If a 
higher number of test-retest samples would have been included in the 
experiment, the correlation might well have been higher and statistically 
significant. Although it may have been coincidental that the correlation was not
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significant, it was nevertheless decided to exclude the ratings on this scale. On 
the scale ‘nasal realisation', the magnitude of the ratings in the retest was 0.3 
scale point lower than in the first rating (t5=2.7; p<0.05). The ratings on this scale 
were therefore considered inconsistently scored and this speech characteristic 
was subsequently excluded from the analysis.
The scales that were scored reliably in this experiment proved an adequate 
instrument by means of which the cleft groups could be distinguished from the 
non-cleft control group, with the exception of the speech aspects ‘lateralisation' 
and ‘palatalisation'. On the latter scales, all three groups obtained similar scores. 
A possible explanation is the fact that these errors in the placement of articulation 
are not uniquely confined to the cleft palate population. Indeed, these errors were 
present in one of the non-cleft controls who received high ratings for palatalisation 
and lateralisation. The listeners in this experiment consequently indicated that this 
child needed speech therapy. All other reliably rated speech characteristics in this 
experiment distinguished the cleft groups from the control group. All speech 
errors were scored as being most distinct in the two toddler groups with cleft; the 
intelligibility and correctness of articulation was highest in the non-cleft children. 
When comparing the ratings for the cleft groups with the non-cleft control group it 
should be noted that the non-cleft control group was matched for age and socio­
economic status, but not for MLU. The expressive skills of the non-cleft control 
group, therefore, may be expected to be more mature than those of the cleft 
groups.
The present perceptual evaluation was carried out to investigate the effects of 
the use of IO in the first year of life on the speech proficiency of UCLP children at 
age 2.5. We found a positive effect of IO on intelligibility only. The difference 
between the IO and non-IO group (1.18 scale point) was statistically significant. 
The effect size (ES) showed that this effect of IO treatment was large, indicating 
that it may be considered as clinically relevant. A beneficial effect of IO on the 
judged speech intelligibility was also demonstrated in another rating experiment 
with lay listeners (Chapter 4) who assessed the intelligibility of speech samples of 
the same group of toddlers. In Chapter 4, we also describe an intelligibility 
assessment in which listeners transcribed the utterances in a write-down 
procedure. This write-down measurement did not present statistically significant 
effects of IO treatment on intelligibility.
The reason for enhanced speech intelligibility after IO treatment is not by 
definition transparent. IO is only used in the first 12 months of life, and still 
appears to have longer term effects. The long term effect of IO may be explained
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by the treatment’s impact on the oral motor patterns that are established in the 
first year. It is known that a cleft palate already influences the development of the 
movements of the tongue tip in the very early months of life (Morley, 1970). Many 
children with alveolar clefts may develop greater activity of the mid and posterior 
parts of the tongue blade in sucking because the tongue is unable to compress 
the nipple against the alveolus. The increased activity of the mid and posterior 
parts of the tongue is also seen in the development of speech; since there is no 
support for the tongue, alveolar articulations will be produced at a more posterior 
place of articulation. Treatment with IO provides the infant with an artificial 
alveolar ridge and may thus aid the development of more normal sensori-motor 
patterns, and minimise compensatory behaviour in feeding and babbling. Results 
on the short-term effects of this longitudinal clinical trial have shown that children 
with IO produce more alveolar articulations than non-IO children in the babbling 
period, when the plate is still in situ (Chapter 2). The use of alveolar sounds is 
predominant in the babbling of non-cleft infants (Smith and Oller, 1981; Stoel- 
Gammon, 1985; Smith, 1988), and less present in the babbling of children with 
cleft (Grunwell and Russell, 1987; O’Gara and Logemann, 1988; Estrem and 
Broen, 1989). The use of alveolar sounds in the pre-lexical period may reflect the 
establishment of more normal sensori-motor speech patterns in children treated 
with IO. It is likely that these children develop less deviant articulatory 
movements, which may result in more intelligible speech.
Multiple regression analysis demonstrated that the judged intelligibility 
correlated positively with ‘correctness of articulation’, ‘lateralisation’ and 
negatively with ‘backing’. The positive correlation with correctness of articulation 
is obvious, as is the fact that less retracted speech is judged to be more 
intelligible. The positive correlation between lateralisation and intelligibility, 
indicating that lateralisation of speech was associated with better intelligibility, 
however, is less clear. It may relate to two phenomena in the data. First of all, the 
speech of the cleft palate children who obtained high scores for intelligibility was 
almost free of speech errors except for the feature lateralisation. Secondly, in the 
non-cleft control group, which received the highest intelligibility ratings, 
lateralisation was almost as strongly present as in the two cleft palate groups. 
Therefore, although the connection is not causal, in this experiment lateralisation 
positively correlated with intelligibility. It should be noted, however, that the 
contribution of ‘lateralisation’ to the amount of explained variance was small.
The judged intelligibility also correlated highly with the ratings on the total 
impression of speech quality. The same correlation was found by Preminger and
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Van Tasell (1995: p722) who concluded that “overall impression of speech quality 
can be predicted with some confidence on the basis of judged intelligibility when 
the conditions are such that intelligibility varies widely.”
Finally, in this discussion we would like to address the estimations regarding 
the number of speech therapy sessions that were deemed necessary for the 
children. Our expert listeners estimated that over the 12 months following the 
assessment a mean of 34.6 sessions were needed in the IO group, and 45.8 in 
the non-IO group. Only one child, a child from the IO group, did not need speech 
therapy according to our panel. It is known from the literature that about two-thirds 
of children born with a cleft receive speech therapy (Dalston, 1990; Albery and 
Grunwell, 1993; Sell et al., 2001). In this light, the estimations of our panel 
therefore seem high. Long-term evaluation of the children in this trial will show 
whether these estimations were realistic or not.
Conclusions
Evaluation of speech of 2.5-year-old children with complete unilateral cleft lip and 
palate by means of a newly developed perceptual rating instrument showed that 
IO treatment during the first 12 months of life affected the judged intelligibility. 
Children who were treated with IO obtained significantly higher ratings for 
intelligibility than the non-IO children. The perceptual evaluation instrument 
comprised 15 EAI rating scales of which 12 were scored reliably and consistently. 
These 12 scales proved an adequate instrument for assessing speech in children 
with cleft lip and palate.
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Chapter 6
Summary
The objective of this chapter was to investigate the effects of infant orthopaedics 
(IO) on the language skills of children with complete unilateral cleft lip and palate 
(UCLP). In a prospective randomised clinical trial (‘Dutchcleft') two groups of 
children with complete UCLP were followed longitudinally: one group was treated 
with IO based on a modified Zurich approach in the first year of life (IO group) and 
the other group did not receive this treatment (non-IO group). At the age of 2, 2.5, 3, 
and 6 years, language development was evaluated in 12 children (6 IO and 6 non­
IO). Receptive language skills were assessed by means of the Reynell test. 
Expressive language skills of the toddlers were evaluated by calculating mean 
length of utterance (MLU) and mean length of longest utterances (MLLU); in the 6- 
year-olds the expressive language skills were measured by means of standardised 
Dutch language tests. The results indicated that IO treatment did not affect the 
receptive language skills, however, the expressive language measures MLU and 
MLLU were influenced by IO. At age 2.5 and 3 years, the IO group produced longer 
utterances than the non-IO group. In the follow-up, the difference in expressive 
language between the two groups was no longer significant. Conclusively, children 
who were treated with IO during their first year of life produced longer sentences 
than non-IO children at the age of 2.5 and 3. At 6 years of age, both groups 
presented similar expressive language skills. Hence, IO treatment did not prove to 
have long-lasting effects on language development.
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Introduction
Worldwide, infant orthopaedics (IO) is used by many centres in the 
comprehensive care for children with cleft lip and palate. Several reports in the 
literature claim that this treatment has a positive impact on speech and language 
development (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 1990; Gruber, 1990), 
however, these reports are largely anecdotal. The results of the prospective 
randomised clinical trial on the effects of IO (called Dutchcleft) described in this 
thesis have shown that IO treatment indeed relates to better speech development 
(Chapter 2 to Chapter 5). Since the development of speech and language are 
closely inter-related, the question arises whether IO may also affect language 
development.
It is often indicated in the literature that children with cleft palate are at risk for 
language delay. Early language delays in cleft lip and palate (CLP) children are 
described by Jocelyn et al. (1996), who found statistically significant differences in 
both receptive and expressive abilities between CLP children and non-cleft peers 
at the age of 12 months. Neiman and Savage (1997) did not find expressive 
language delays in children that young. They described that only at 36 months of 
age toddlers with cleft palate exhibited at-risk or delayed expressive language 
development. For all other age groups (5, 13, and 25 months) in their investiga­
tion, the development of expressive language was within the normal range. A 
delay in language skills in children with cleft (lip and) palate was also reported by 
Eliason and Richman (1990), who showed that 5- and 6-year-old children with 
cleft (lip and) palate had poorer verbal mediation skills compared to the normative 
sample.
Language or learning disabilities in children with cleft (lip and) palate may 
persist in school age. Broder et al. (1998) demonstrated that school-aged children 
(ranging in age from 6 to 18 years) with cleft (lip and) palate had a 
disproportionately high incidence of learning disabilities and grade retention, and 
that their school achievements were below average. The study by Richman and 
Eliason (1984) showed persistent language disabilities in children with cleft palate 
only (CPO). They concluded that school-aged children ranging in age from 8 to 13 
years with CPO exhibited significantly lower performances on language 
association and auditory short-term memory tasks, as well as significantly lower 
reading comprehension than cleft lip and palate (CLP) children.
In contrast, there are other studies that have not demonstrated a delay in 
language performance in children with cleft (lip and) palate in comparison with
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normative samples. Broen et al. (1998) compared the early cognitive and 
linguistic development of toddlers with cleft palate to that of non-cleft peers. 
Although small differences were found which were statistically significant, the 
linguistic and cognitive performance in the children with cleft was well within 
normal limits. Similarly, Chapman et al. (1998) did not find any significant group 
differences between children with unilateral cleft lip and palate (UCLP) and their 
non-cleft peers on conversational skills. When the profiles of individual children 
were examined, however, 50% of the preschool children with UCLP appeared to 
exhibit low assertive conversational participation.
Although many studies indicate a language delay in children with cleft palate, 
the etiology of the language delay is not well understood. It is often suggested 
that the language deficits may be related to the mild-to-moderate hearing loss that 
may accompany the frequent middle-ear effusion in this group of children 
(Paradise et al., 1969; Broen et al., 1996). Other authors state that the delays 
may be genetically determined and mediated by dysfunction in auditory short­
term memory (Ceponiene et al., 1999). Finally, the language delay is said to be 
related to problems in mother-child interaction (Wasserman et al., 1988).
It has been suggested that early hearing loss may account for the language 
disabilities in children with clefts. These children are prone to middle-ear effusion, 
which is often accompanied by mild-to-moderate hearing loss (Broen et al., 1996). 
Some studies have reported a relation between hearing loss associated with 
frequent otitis media with effusion (OME) during the first years of life and lower 
scores on language measures (Feagans et al., 1987; Friel-Patti and Finitzo, 1990; 
Roberts et al., 1995; Jocelyn et al., 1996; Shriberg et al., 2000a). Other 
investigations have not demonstrated such an association between OME and 
language development (Roberts et al., 1991; Gravel and Wallace, 1992; Paul et 
al., 1993).
The prospective study performed by Roberts et al. (1995) showed that hearing 
loss associated with OME was indirectly associated with receptive and expressive 
language skills, and cognitive development mediated by less responsive 
caregivers. Shriberg et al. (2000a) concluded that there was an increased risk of 
lower speech-language outcomes at 3 years of age in children with OME and 
associated depressed hearing levels at 12 to 18 months of age. In their 
retrospective study Shriberg et al. (2000b) could only find support for the 
association between increased risk of subclinical or clinical speech disorder in 
children with early recurrent OME in one of two demographically controlled 
samples of children. The researchers emphasise that the relationship between
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early recurrent OME and a later speech disorder can only be explained by a 
multifactorial model in which otological, audiological, child and environmental 
factors are included.
The hypothesis that the language delay may be related to a central nervous 
system disorder is supported by Richman and Eliason (1984) and by Ceponiene 
et al. (1999). Richman and Eliason (1984) showed that a group of children with 
cleft palate only (CPO) performed significantly worse on language association 
and auditory short-term memory tasks than children with cleft lip and palate 
(CLP). An investigation by Ceponiene et al. (1999) in which cortical ERPs (event- 
related potentials) specific to the auditory modality were measured also suggests 
that dysfunction of auditory short-term memory contributes to the language and 
learning deficits in children with oral clefts. Auditory short-term memory is one of 
the components in central cognitive models of language acquisition and 
perception, and proper functioning of this memory buffer is crucial for normal 
language development in young children. The authors state that there is a high 
possibility that both the cleft and central nervous system dysfunction are 
genetically determined. Some processes leading to tissue formation, like the 
neural cell adhesion molecule (NCAM), are extensively involved in both facial and 
brain tissue formation. In the face, NCAM plays an important role in the fusion of 
lip and palatal shelves. In the brain it participates in the establishment of proper 
synaptic connections and in the regulation of neurotransmitter levels.
Another cause for language delay in children with cleft palate is found in 
interaction patterns between these children and their parents. Young cleft palate 
children have been shown to exhibit limited abilities regarding social- 
communicative and/or vocal behaviours, and the mother may be unable to 
respond appropriately to the child's efforts to communicate. Chapman and Hardin 
(1991) investigated the language input of mothers in interactions with their young 
children. They compared mothers of children with cleft lip and palate with mothers 
of non-cleft children and concluded that there were more similarities than 
differences between the two groups of mothers with respect to maternal language 
characteristics. In contrast, Wasserman et al. (1988) did find consistent different 
interaction patterns when comparing mothers and their children with speech- 
related anomalies to controls. Their results suggest that the differences in 
maternal behaviour may be a response to the child's language delay. Broen et al. 
(1998) endorse the notion that children with better, more intelligible, age- 
appropriate speech may receive more accurate feedback. They speculated that
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language learning is aided by the ability to produce intelligible, age-appropriate 
speech.
The assumption that the child's language development is related to the ability 
to produce intelligible, age-appropriate speech is also the basis for the hypothesis 
in the study that is reported in this chapter. We investigated the language 
acquisition in a group of 12 children with complete UCLP. The children all 
participated in the Dutchcleft clinical trial that is studying the effects of infant 
orthopaedics. The results of this trial that are described in this thesis show that IO 
positively affects speech development (Chapter 2 to Chapter 5). In concurrence 
with the assumption that better speech aids the child's language development, it 
is hypothesised that IO will also affect expressive language development through 
mediation of better speech.
Methods
Experimental design, eligibility and treatment allocation
The experimental design was a prospective two-arm randomised controlled 
clinical trial in three participating university cleft palate centres in the Netherlands: 
Nijmegen, Amsterdam, and Rotterdam. The local Ethical Committees approved 
the study protocol. The patient inclusion criteria were:
• Complete UCLP
• Infants born at term
• Both parents Caucasian and fluent in the Dutch language
• Trial entrance within 2 weeks after birth
• Patients were excluded if there were other congenital malformations (except 
for syndactyly), or soft tissue bands.
Parents of eligible infants were verbally informed about the trial. The informed 
consent contained comparable written information; it was signed by the parents 
after they agreed to participate. A child entered the trial preferably within two 
weeks after birth and was assigned to one of two groups by means of a 
computerised balanced allocation procedure. Patients were allocated based on 
birth weight (<3300 g or >3300 g) and alveolar cleft width (<8 mm, between 8 and 
12 mm, or >12 mm). One of the groups received IO in the first year of life (IO) and 
the other group did not receive this treatment (non-IO). For a detailed description 
of the procedure is referred to Prahl et al. (2001).
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Treatment protocol
In order to standardise the treatment all specialists participated in consensus 
meetings. Infant orthopaedic treatment started within two weeks after birth, and 
was performed by means of passive plates (modified Zurich approach). The plate 
has a small extension into the cleft nose, covers the palate and the alveolar 
ridges and obturates the cleft in the hard and soft palate (see Prahl et al., 2001 for 
a detailed description of the technique). The plate was worn 24 hours a day, until 
soft palate closure at 12 months of age. The mean duration of IO in the 
participants described in this chapter was 59 weeks. One child used the plate for 
78 weeks, because of feeding problems. Apart from IO treatment, all interventions 
were the same in both groups. Lip surgery was performed at 18 weeks according 
to the Millard technique. The soft palate was closed at 12 months of age (modified 
Von Langenbeck procedure). In this treatment protocol, the hard palate is left 
unrepaired until approximately nine years of age. Only if speech development 
was very dissatisfactory, children received a speech plate after soft palate closure 
to obturate the hard palate. None of the participants described in this chapter 
received such a hard palate obturator. Until the age of 2.5 years none of the 
children in this patient group were referred for speech therapy. After that age, 
however, all children received speech-language treatment for a period of time.
Participants
In total 54 infants (41 boys, 13 girls) entered the trial, 27 in each group. A 
description of the sample characteristics is given in Prahl et al. (2001). Because 
of the prospective nature of the study, the sample size is smaller in the older age 
groups. Therefore, the data in this chapter are derived from twelve children (6 IO 
and 6 non-IO) who were evaluated for speech and language development at 2,
2.5, and 3 years of age. Eleven of these children (6 IO and 5 non-IO) were also 
seen in a follow-up at 6 years. None of the children had been diagnosed as 
having cognitive or neurological impairment. Of the 12 children, five came from 
families with low socio-economic status (SES), five came from middle-class 
families and two families had a high SES based on the classification of 
professional levels by Van Westerlaak et al. (1975).
Data acquisition
The data were collected and analysed by researchers who were not involved in 
the treatment of the patients. At all ages, all data were collected in the child's 
home environment. In order to assess the expressive language skills of the
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toddlers a sample of spontaneous speech was recorded using professional, high- 
quality audio equipment (Sony TCD-D7 DAT Walkman with a Sennheiser 
MD421U-4 dynamic microphone). The recordings were made while the child was 
playing with one of the researchers. Age-appropriate toys were used for eliciting 
speech. It was ensured that each conversation sample that was recorded 
contained at least 100 well-recorded utterances and that it was representative of 
the child's speech according to the parent.
Receptive language skills
Receptive language skills were assessed with the Reynell Developmental 
Language Scales Dutch Version (Schaerlaekens et al., 1993). This test has been 
standardised for the Dutch population, implicating that individual scores can be 
compared with standardised scores. The test was administered at the age of 2,
2.5, and 3 years. The receptive language skill of a child was judged to be normal 
if the raw score on the Reynell Developmental Language Scales was within one 
standard deviation of the test norm for the child's chronological age. If the raw 
score was between one and two standard deviations below the test norm, the 
development of receptive language was judged to be at risk, and if the raw score 
was more than two standard deviations below the norm, the receptive language 
was judged to be delayed.
Expressive language skills
The expressive language skills of the children aged 2 to 3 years could not be 
assessed by standardised tests since there were no such tests available for the 
Dutch language at the time of the evaluation. Therefore, two quantitative 
language measures, MLU (mean length of utterance) and MLLU (mean length of 
longest utterance), both defined in number of words, were determined on the 
basis of the recorded conversation sample. These measures are regarded as 
suitable indexes of global morphosyntactic development in young children 
(Brown, 1973; Beheydt, 1983; Wells, 1985). The MLU and MLLU were calculated 
from the conversation sample that was transcribed using the International 
Phonetic Alphabet (IPA). Secondly, MLU was calculated in number of words 
using 50 utterances per child. The utterances had either been produced 
spontaneously or been elicited by means of open questions.
The expressive language skills in the follow-up at 6 years were measured by 
means of standardised tests. The expressive vocabulary was assessed by means 
of a subtest of the Dutch language tests for children (Taaltests voor Kinderen;
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Van Bon, 1982). This subtest is standardised fo r Dutch children from 4 to 8 years. 
The raw scores on the test fo r expressive vocabulary were transformed into 
percentile scores by means o f the test norms. Performance on the test was 
judged to be normal if the child obtained a percentile score that deviated no more 
than one standard deviation from the test norm. The developm ent o f expressive 
vocabulary was judged to be at risk if the score was between one and two 
standard deviations below the test norm, and if the score was more than two 
standard deviations below the norm, the expressive vocabulary was judged to be 
delayed.
Expressive syntactic skills were evaluated by means o f the subtest sentence 
developm ent (Zinsontwikkeling) from the Schlichting test fo r language production 
(Schlichting test voor Taalproductie; Schlichting et al., 1995). This subtest is 
standardised fo r Dutch children aged 1.9 to 6.3 years. In order to compare the 
individual raw scores on the test, these scores were transformed into percentile 
scores with the help o f the test manual. The interpretation o f the percentile score 
was conducted as described above fo r the vocabulary test.
Hearing status of the participants
If the two groups in this trial were found to d iffer from  each other in occurrence of 
m iddle-ear problems and hearing loss, it would not be clear w hether differences in 
language acquisition could be attributed to IO or to impaired hearing, or both. In 
order to rule out a difference in m iddle-ear problems and hearing loss between 
the two groups, the hearing thresholds and m iddle-ear condition o f the children 
were evaluated at 2, 2.5, and 3 years by the ENT specialist o f the cleft palate 
team. Hearing levels were obtained by free-field audiometry in a sound-controlled 
chamber, or by means o f brainstem-evoked response audiom etry (BERA). 
Hearing thresholds o f up to 25 dB were considered to be normal. The m iddle-ear 
condition was evaluated by means o f otoscopy or by tympanometry. Data on the 
occurrence o f otitis media were also obtained by means o f parent report.
Statistical analysis
Statistical analysis was performed by means o f ANO VA with repeated measures, 
MANOVA simple main effects analysis, and t  tests. The applied statistics are also 
discussed in the section on results.
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Results
Hearing status
The hearing thresholds and middle-ear problems, if any were present, are 
presented in Table 1. This table shows that the two cleft groups did not grossly 
differ in prevalence of middle-ear problems and hearing loss. In the first three 
years of their life, most of the children had experienced middle-ear infections and 
hearing loss. However, at the time of testing, most children had normal hearing. 
Since there were no gross differences found between the two groups, it is 
cautiously assumed that the possible negative influence of hearing problems on 
language development was similar for both groups.
Table 1. Hearing thresholds and presence of middle-ear infections at 2, 2.5, and 3 years of 
age. The cell entries represent the number of children
Middle-ear infections Hearing threshold
None Some Frequent Normal 25-40 dB >40 dB
Age 2 years 
IO 1 3 2 4 1 1
Non-IO 1 3 2 4 0 2
Age 2.5 years 
IO 1 5 0 4 1 1
Non-IO 0 6 0 4 2 0
Age 3 years 
IO 1 5 0 3 1 2
Non-IO 0 6 0 4 1 1
Receptive language skills of 2 to 3-year-old children
The 2-year-olds in our study could not be tested reliably with the receptive 
language test. Reliable data on receptive language skills were only available for 
the children aged 2.5 and 3 years. At age 2.5, one subject in the IO group could 
not be tested reliably. The results for the remaining 11 children showed that the 
receptive language development of one child in each group was at risk. All other 
children (4 IO and 5 non-IO) scored within the normal range. The mean scores on 
the test for receptive language skills by group are presented in Table 2. At 3 years 
of age all participants (6 IO and 6 non-IO) were tested reliably. Their receptive
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language skills were within the normal range, except fo r one child in the IO group 
and one in the non-IO group, both o f whom obtained at-risk scores.
An analysis o f variance with repeated measures with ‘age’ as w ithin-subject 
factor and ‘IO treatm ent’ as between-subject factor was performed on the data 
from the 11 children (5 IO and 6 non-IO) who were tested in both age groups. In 
this analysis only the factor ‘age ’ was statistically significant (F19=21.44; 
p=0.001). It showed that the raw score on the receptive language test increased 
with age in both treatm ent groups. Treatm ent with IO did not influence this pattern 
(factor IO: F19=0.02; p=0.88; interaction between IO and time: F19=0.01; p=0.96).
Table 2. The mean raw scores and standard deviations on the Dutch version of the Reynell 
Developmental Language Scales at 2.5 and 3 years
Age 2.5 years Age 3 years
Mean SD Mean SD
IO 28.4 (n=5) 6.6 36.5 (n=6) 7.7
Non-IO 27.7 (n=6) 8.6 37.7 (n=6) 8.0
Expressive language skills of 2 to 3-year old children
MLU and MLLU were calculated in number o f words using 50 utterances per child 
extracted from the spontaneous speech sample. Seven 2-year-old children (3 IO 
and 4 non-IO) failed to produce enough meaningful utterances to calculate MLU 
and MLLU. As these children did use one-word-utterances in the ir communication 
with others, the missing values o f MLU and MLLU for these children were given 
the value one. A t age 2.5 and 3, MLU and MLLU could be calculated from the 
speech samples fo r all toddlers. Table 3 shows the group means and standard 
deviations at age 2, 2.5, and 3. These data were tested in a simple main effects 
design with a multivariate analysis o f variance (MANOVA). For MLU, this yielded 
the following results: at the age o f 2, there was no significant difference between 
the two groups in the MLU (F110=2.44; p=0.15). When tested 6 months later at 2.5 
years o f age the children in the IO group produced larger MLU than the non-IO 
children. The results were statistically significant: F110=5.30; p=0.04. Finally, at 3 
years o f age the difference between the groups on the language measure MLU 
was significant as well: F110=12.19; p<0.01.
Sim ilar results were found for MLLU: the groups did not d iffer significantly in 
MLLU (F110=3.12; p=0.11) at the age o f 2. However, at 2.5 years the MLLU was 
longer in the IO group than in the non-IO group (F110=7.67; p=0.02). A t 3 years of
109
Chapter 6
age the IO group produced significantly longer MLLU than the non-IO group 
(F110=7.67; p=0.02). Examination o f the group means also shows that both MLU 
and MLLU increased with age.
Table 3. Means and standard deviations (between parentheses) of MLU and MLLU at age 2, 
2.5, and 3 years for 6 children with infant orthopaedics (IO) and 6 children without IO (non-IO)
Age 2 years Age 2.5 years Age 3 years
IO Non-IO IO Non-IO IO Non-IO
MLU in number of 
words
1.47
(0.57)
1.08
(0.20)
2.09
(0.44)
1.48
(0.46)
3.21
(0.62)
1.97
(0.62)
MLLU in number of 
words
2.13
(1.11)
1.23
(0.57)
3.65
(0.94)
2.08
(1.02)
4.92
(0.81)
2.68
(1.14)
Expressive vocabulary at 6 years of age
The results on the test fo r expressive vocabulary show that all children obtained a 
score within the normal range. In fact, the means for both groups were above the 
test norm fo r 6-year-old children (i.e., percentile score 50). A  t  test was used to 
evaluate differences in expressive vocabulary between the two treatm ent groups 
(see Table 4). No significant differences were observed between the IO and non­
IO group (t9=1.29; p=0.23).
Table 4. Mean percentile scores and standard deviations on the vocabulary test and on the 
test for sentence development in follow-up at 6 years of age
Vocabulary test Sentence development
Mean SD Mean SD
IO (n=6) 81.7 19.0 65.8 34.4
Non-IO (n=5) 61.4 32.7 46.2 31.8
Syntactic development at 6 years of age
The syntactic developm ent o f the children was normal, except fo r one child in the 
non-IO group who obtained an at-risk score. As a group, the IO children obtained 
somewhat higher percentile scores than the non-IO group (see Table 4), but this 
difference did not reach statistical significance (t9=0.98; p=0.36).
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Discussion
The aim of this investigation was to evaluate the effects of infant orthopaedics on 
language development in children with UCLP. A group of 12 children was 
followed longitudinally from 2 to 3 years and 11 of these children were 
reassessed in a follow-up evaluation at 6 years of age. There was no significant 
difference in receptive language skills between the two treatment groups at age
2.5 and 3 years. In fact, the mean scores of both groups were very close to the 
test norm. The raw score on the receptive language test significantly increased 
between the age of 2.5 and 3, and treatment with IO did not affect this pattern. 
When the receptive language skill of each child was considered separately, it 
appeared that at the ages of 2.5 and 3 years only one child in each group had 
receptive language skills that were at risk. It should be noted that although the 
test was developed and standardised for young children, the two-year-olds in our 
study could not be tested reliably. This is most likely due to the fact that we tested 
the children in their home environment. Children are more at ease in this situation 
and may lose interest in the test at an earlier moment than in a more formal test 
situation in the clinic.
The expressive syntactic language skills at age 2 to 3 were reflected in MLU and 
MLLU measured in number of words. The validity of these measures is discussed 
by Brown (1973), Beheydt (1983), and Wells (1985). Brown stated that “the MLU 
is an excellent simple index of grammatical development because almost every 
new kind of knowledge increases length: the number of semantic roles expressed 
in a sentence, the addition of obligatory morphemes, coding modulations of 
meaning, the addition of negative forms and auxiliaries used in interrogative and 
negative modalities, and, of course embedding and coordinating” (p 53). Wells 
(1985) investigated MLU and MLLU in normally developing children from age 1.3 
to 5.0 years and concluded that these measures are suitable indexes of global 
morphosyntactic development in children below 3.5 years of age. Bol and Kuiken 
(1988) confirmed that quantitative language measures like MLU and MLLU (in 
morphemes) increase until age 3.5 in children with normal language 
development. Furthermore, it was shown that MLU and MLLU correlate quite 
highly with more specific linguistic measures of development. Wells (1985), 
however, also emphasised the limitations of a global measure such as MLU; it 
does not discriminate between the various types of linguistic development that 
give rise to an increase in number of words, and it is insensitive to other types of 
development that are not manifested in increasing length of utterances. These 
limitations especially hold for language development in children older than four,
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when fo r example mastery o f a new linguistic structure such as ellipsis can 
actually lead to a decrease in MLU. Beheydt (1983) confirmed that MLU is a 
simple, reliable and stable index o f syntactic complexity, especially in younger 
children. He suggests calculating MLU in words and not in morphemes, because 
words rather than morphemes are relevant units in child language. Furthermore, 
in young children it is often difficult to determ ine whether suffixes in plurals or in 
d im inutives are used as morphemes. In early stages o f language development, 
the child may use these suffixes w ithout meaning; i.e., w ithout opposition to the 
singular form  o f the noun (M oerm an-Coetsier and Van Besien, 1987). 
Consequently, calculation o f MLU in words is less complicated and more reliable. 
In addition, M oerm an-Coetsier and Van Besien demonstrated that there is a 
strong correlation between MLU in words and MLU in morphemes (r =0.98) in 
young children aged 2.5 to 3 years. Their findings correspond to results of 
Arlman-Rupp et al. (1976). Nevertheless, M oerm an-Coetsier and Van Besien 
(1987) argue fo r cautious use o f MLU as a measure fo r syntactic capacities o f the 
child. MLU is easily influenced by the nature o f the interactions with the child. 
Closed questions, fo r example, lead to shorter MLU than open questions. This 
does not hold fo r very young children who, due to the ir limited syntactic 
knowledge, are not able to produce sentences longer than two words regardless 
o f the nature o f the stimulus that is introduced.
The results o f the MLU and MLLU measures in our study were evaluated by 
means o f MANOVA simple main effects analysis. A t the age o f 2, the two 
treatm ent groups did not d iffer from each other with regard to the mean length of 
utterance. In contrast, at the ages o f 2.5 and 3 the children in the IO group 
produced longer utterances than the children in the non-IO group. Remarkably, 
the difference in utterance length did not manifest itself until the age o f 2.5. The 
absence o f significant d ifferences at the younger age is consistent with the results 
o f Jocelyn et al. (1996) who also found no significant differences in MLU between 
CLP children and non-cleft controls at 12 and 24 months. The delayed effect that 
we found may be the result o f better interaction with and feedback from the child ’s 
environment. Earlier results from  this clinical trial have shown that the IO group 
appears to benefit from the treatm ent by a more normal speech developm ent at 
an early stage. Children treated with IO use more alveolar consonant-like sounds 
in the ir babbling (Chapter 2) and they follow a more normal path o f phonological 
developm ent (Chapter 3). Children with a more normal speech developm ent may 
be better understood by the ir environment and, as a consequence, may receive
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better and more adequate feedback, which may facilitate their language 
development.
In the follow-up at 6 years, the two groups no longer differed in expressive 
syntactic skills. Although the children who were not treated with IO experienced a 
language delay in the period around their third year, at some stage between the 
age of three and six years they manage to catch up with the children in the IO 
group, and with the norm group. The syntactic development of one of our six- 
year-olds (non-IO) was still at risk at the time of testing. The child continued to 
receive special education for children with severe speech and language delays.
In the follow-up at six years, there were no significant differences in expressive 
vocabulary found between the two groups of UCLP children. In fact, the mean 
percentile scores for both groups were above the test norm (percentile 50). The 
above average performance of the participants cannot be explained by socio­
economic status (SES), which was low for four families, middle-class for five 
families, and high for two families. Enhanced expressive vocabulary may be at 
least partially explained by the fact that all children received speech therapy for a 
period of time between the ages of 3 and 6 years.
Overall, the language delay in the children in this study was transient. Many of 
the expressive language delays reported in other studies are transient as well 
(Broen et al., 1998). It should be noted, however, that the participants in our study 
were children with UCLP. The results may be quite different in children with other 
types of cleft, since it has been reported that children with CPO still exhibited 
language delays in their school age (Richman and Eliason, 1984).
Although our results showed a temporary positive effect of IO on language 
development, the value of infant orthopaedics cannot be judged on these results 
alone. Other outcome variables such as maxillary arch dimensions, facial and 
dental appearances, cost-effectiveness, as well as long term follow-up should be 
taken into account when considering the comprehensive effect of IO.
Conclusions
Treatment with infant orthopaedics was associated with better expressive 
syntactic skills of children at 2.5 and 3 years of age. The IO group produced 
longer sentences than the non-IO group. It is argued that the better syntactic 
development of IO children relates to better speech and more adequate feedback 
from the environment. Earlier results from this clinical trial showed that children 
treated with IO follow a more normal pattern of speech development. Children 
with better speech may receive more adequate feedback from their environment,
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and this may stimulate the acquisition of language. It should be noted, however, 
that the relative delay in syntactic skills in the non-IO group was small and 
transient, since at 6 years of age, the group did no longer differ from the IO group. 
In fact, both the IO and the non-IO group managed to catch up with the norm and 
presented normal age-appropriate expressive language skills at age 6.
Acknowledgements
The authors express their gratitude to the cleft palate centres of Nijmegen, 
Amsterdam and Rotterdam with special thanks to the speech pathologists and the 
ENT specialists. We are also indebted to Hanny Weersink-Braks and Katja 
Bongaarts for their help in collecting the data.
References
Arlman-Rupp AJL, Van Niekerk de Haan D, and Van de Sandt-Koenderman M. Brown’s early 
stages: some evidence from Dutch. Journal of Child Language 1976; 3: 267-274.
Beheydt L. Kindertaalonderzoek, een methodologisch handboek. Louvain-la-Neuve: Cabay; 
1983.
Bol GW, and Kuiken F. Grammaticale analyse van taalontwikkelingsstoornissen. Utrecht: 
Elinkwijk bv; 1988.
Broder HL, Richman LC, and Matheson PB. Learning disability, school achievement, and 
grade retention among children with cleft: a two-center study . Cleft Palate-Craniofacial 
Journal 1998; 35: 127-131.
Broen PA, Moller KT, Carlstrom J, Doyle SS, Devers M, and Keenan KM. Comparison of the 
hearing histories of children with and without cleft palate. Cleft Palate-Craniofacial Journal 
1996; 33: 127-133.
Broen PA, Devers M, Doyle SS, McCauly Prouty J, and Moller KT. Aquisition of linguistic and 
cognitive skills by children with cleft palate. Journal of Speech, Language, and Hearing 
Research 1998; 41: 676-687.
Brown R. A first language: the early stages. London: George Allen and Unwin ltd; 1973. 
Chapman KL, Graham K, Gooch J, and Visconti C. Conversational skills of preschool and 
school-age children with cleft lip and palate. Cleft Palate-Craniofacial Journal 1998; 35: 
503-516.
Chapman KL, and Hardin MA. Language input of mothers interacting with their young 
children with cleft lip and palate. Cleft Palate-Craniofacial Journal 1991; 28: 78-85.
Eliason MJ, and Richman LC. Language development in preschoolers with cleft.
Developmental Neuropsychology 1990; 6: 173-182.
Ceponiene R, Hukki J, Cheour M, Happanen ML, Ranta R, Naatanen R. Cortical auditory 
dysfunction in children with oral clefts: relation with cleft type. Clinical Neurophysiology 
1999; 110: 1921-1926.
114
Language skills of children with UCLP
Feagans L, Sanyal M, Henderson F, Collier A, and Appelbaum M. Relationship of middle ear 
disease in early childhood to later narrative and attentional skills. Journal of Pediatric 
Psychology 1987; 12: 581-594.
Friel-Patti S, and Finitzo T. Language learning in a prospective study of otitis media with 
effusion in the first two years of life. Journal of Speech, Language, and Hearing Research 
1990; 33: 188-194.
Gnoinski W. Infant orthopedics and later orthodontic monitoring for unilateral cleft lip and 
palate patients in Zurich. In: J Bardach & HL Morris, eds. Multidisciplinary management of 
cleft lip and palate. Philadelphia: WB Saunders; 1990: 578-585.
Gravel JS, and Wallace IF. Listening and language at 4 years of age: effects of early otitis 
media. Journal of Speech and Hearing Research 1992; 35: 588-595.
Gruber H. Presurgical maxillary orthopedics. In: J Bardach & HL Morris, eds. Multidisciplinary 
treatment of cleft lip and palate. Philadelphia: WB Saunders; 1990: 592-600.
Hotz M, Gnoinski W, Perko M, Nussbaumer H, Hof E, and Haubensak R. The Zurich 
approach, 1964 to 1984. In: M Hotz, W Gnoinski, M Perko, H Nussbaumer, E Hof & R 
Haubensak, eds. Early treatment of cleft lip and palate. Toronto: Hans Huber Publishers; 
1986: 42-48.
Jocelyn LJ, Penko MA, and Rode HL. Cognition, communication, and hearing in young 
children with cleft lip and palate and in control children: A longitudinal study. Pediatrics 
1996; 97: 529-534.
Moerman-Coetsier L, and van Besien F. TOAST: taalonderzoek via analyse van spontane 
taal. Leuven/Amersfoort: Acco; 1987.
Neiman GS, and Savage HE. Development of infants and toddlers with clefts from birth to 
three years. Cleft Palate-Craniofacial Journal 1997; 34: 218-225.
Paradise JL, Bluestone CD, and Felder H. The universality of otitis media in 50 infants with 
cleft palate. Pediatrics 1969; 44: 35-42.
Paul R, Lynn TF, and Lohr-Flanders M. History of middle ear involvement and 
speech/language development in late talkers. Journal of Speech and Hearing Research 
1993; 36: 1055-1062.
Prahl C, Kuijpers-Jagtman AM, Van ’t Hof MA, and Prahl-Andersen B . A randomised 
prospective clinical trial into the effects of infant orthopaedics on maxillary arch 
dimensions in unilateral cleft lip and palate (Dutchcleft). European Journal of Oral 
Sciences 2001; 109: 297-305.
Richman LC, and Eliason MJ. Type of reading disability related to cleft type and 
neuropsychological patterns. Cleft Palate Journal 1984; 21: 1-6.
Roberts JE, Burchinal MR, Davis BP, Collier AM, and Henderson FW. Otitis media in early 
childhood and later language. Journal of Speech and Hearing Research 1991; 34: 1158­
1168.
Roberts JE, Burchinal MR, Medley L, Zeisel SA, Mundy M, Roush J, Hooper S, Bryant D, and 
Henderson FW. Otitis media, hearing sensitivity, and maternal responsiveness in relation 
to language during infancy. The Journal of Pediatrics 1995; 126: 481-489.
115
Chapter 6
Schaerlaekens A, Zink I, and van Ommeslaeghe K. Reynell Taalontwikkelingsschalen, 
handleiding. Nijmegen: Berkhout BV; 1993.
Schlichting JEPT, van Eldik MCM, lutje Spelberg HC, van der Meulen Sj, and van der Meulen 
BF. Schlichting test voor taalproductie. Nijmegen: Berkhout Nijmegen BV; 1995.
Shriberg LD, Friel-Patti S, Flipsen P, and Brown RL. Otitis media, fluctuant hearing loss, and 
speech-language outcomes: A preliminary structural equation model. Journal of Speech, 
Language, and Hearing Research 2000a; 43: 100-120.
Shriberg LD, Flipsen P, Thielke H, Kwiatkowski J, Kertoy MK, Katcher ML, Nellis RA, and 
Block MG. Risk for speech disorder associated with early recurrent otitis media with 
effusion: two retrospective studies. Journal of Speech, Language, and Hearing Research 
2000b; 43: 79-99.
Stuffins GM. Speech and mental attitudes in the older presurgical child. In: B Kehrer, T 
Slingo, B Graf & M Bettex, eds. Long term treatment in cleft lip and palate. Proceedings of 
the first international symposium. Bern: Hans Huber Publishers; 1981: 199-206.
van Bon WHJ. Taaltests voor kinderen. Lisse: Swets & Zeitlinger BV; 1982.
Van Westerlaak J, Kropman W, and Collaris J. Beroepenklapper. Nijmegen: Instituut voor 
Toegepaste Sociologie; 1975.
Wasserman GA, Allen R, and Linares LO. Maternal interaction and language development in 
children with and without speech-related anomalies. Journal of Communication Disorders 
1988; 21: 319-331.
Wells G. Language development in the pre-school years. Cambridge: Cambridge University 
Press; 1985.
116
Chapter 7
Phonetic characteristics of babbling as predictors 
for later speech and language development in 
children with UCLP treated with infant orthopaedics
EM Konst, ACM Rietveld, HFM Peters. Phonetic characteristics of babbling as 
predictors for later speech and language development in children with UCLP 
treated with infant orthopaedics. Submitted for publication.
Chapter 7
Summary
This study investigated the correlation between phonetic characteristics in babbling 
and later speech and language development in 20 children with unilateral cleft lip 
and palate. The children participated in a prospective randomised clinical trial 
(‘Dutchcleft’) into the effects of infant orthopaedics (IO). One group received IO 
treatment (IO, n=10) in the first year o f life and the other group did not (non-IO, 
n=10). Phonetic characteristics that were included as predictors were the use of 
alveolar contoids and oral plosives in babbling at age 1 and 1.5. Outcome variables 
were measured at 2.5 years and comprised phonological development, rated 
speech quality, and mean length o f utterance (MLU). Results indicated that a higher 
use of oral plosives in the babbling o f 1.5-year-olds was associated with better 
judged intelligibility and larger MLU at age 2.5. Furthermore, a higher occurrence of 
alveolar contoids in babbling at age 1.5 predicted less compensatory articulation at 
age 2.5.
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Introduction
There is great diversity in the development of speech and language in children 
with cleft (lip and) palate. Some of these children may develop near normal 
speech without an intact oral structure, whereas others may need years of speech 
therapy because of their speech problems (Harding and Grunwell, 1993). All 
children with a cleft palate begin their experimentation with sounds while the cleft 
is still unrepaired. It has been shown that these structural constraints influence 
phonetic experimentation in babbling. Babies with cleft palate show a preference 
for glottal and labial sounds (O’Gara and Logemann, 1988; Estrem and Broen,
1989) and use fewer supraglottal anterior articulations (Lohmander-Agerskov et 
al., 1994) in their babbling than non-cleft babies. Furthermore, babies with cleft 
palate use fewer stop contoids (Chapman et al., 2001b) and articulate fewer 
sounds with the tongue tip and blade (Hutters et al., 2001). Many investigations 
have demonstrated that the infant’s variegated babbling is closely related to early 
speech patterns (Oller et al., 1976; Stoel-Gammon, 1985; Vihman et al., 1985). 
Given the phonetic inadequacies in the pre-speech of children with cleft palate, 
we may expect that phonological development is deviant as well. Lohmander- 
Agerskov et al. (1994) found that children with a (residual) cleft in the hard palate 
have a high risk of developing posterior articulation, resulting in compensatory 
articulatory behaviour with apico-alveolar pressure consonants retracted to a 
dorso-velar place of articulation in their later speech.
Some investigators have tried to predict later speech patterns from pre-lexical 
characteristics. Vihman (1986) demonstrated that in normal speech development 
a relatively high use of true consonants (i.e., stops, nasals, fricatives, affricates or 
liquids) in both babbling and words at age 1 was predictive of relative 
phonological advance at age 3. Menyuk et al. (1986) showed that the proportion 
of vocalisations with a syllable-like structure (contoid plus vocoid) in babbling at 
12 months correlated with the ability to realise final consonants in words at 29 
months. Furthermore, the proficiency to match final consonants in early words 
appeared to be an indicator of both phonological and lexical development. 
Additionally, the study by Rvachew et al. (1999) indicated a positive correlation 
between the canonical syllable ratio at the age of 9 months and expressive 
vocabulary size at 18 months. Finally, Paden et al. (1987) demonstrated that low 
(age-weighted) scores on production of velars, liquids, and post-vocalic singleton 
obstruents along with a history of otitis media with effusion (OME) were important 
variables characterising children with delayed phonological development at age 3.
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Initiatives to relate later speech outcome to characteristics in babbling have 
also been undertaken for the speech of children with cleft palate. In this 
population, such a finding would have important implications for therapeutic 
management and early intervention. Evidence for an association between early 
phonetic characteristics and phonological development in children with cleft 
palate was demonstrated by Russell and Grunwell (1993). They showed that a 
delay in the development of oral plosives in babbling was related to a delay in the 
establishment of this class of consonants in the children’s contrastive 
phonological systems. Similarly, Chapman et al. (2001a) demonstrated that the 
percent use of oral plosives in babbling of 9-month-old babies with cleft palate 
correlated with their speech and language performance at age 21 months. The 
results from other studies did not present a strong relationship between babbling 
and later speech in children with cleft palate. Lohmander-Agerskov et al. (1998) 
found only a moderate correlation between absence of anterior sounds in 
babbling and retracted articulation in later speech, and in the study by Hutters et 
al. (2001) no relationship was demonstrated between characteristics in babbling 
and later speech.
It is not clear how other aspects such as otitis media and its accompanying 
hearing loss, which is common in children with cleft palate (Paradise et al., 1969; 
Broen et al., 1996), influence speech production. The effects of otitis media in 
early childhood on speech development in the normal population have been the 
subject of many publications. Most studies have reported a negative impact on 
speech development of fluctuating hearing loss associated with otitis media with 
effusion during the first years of life. OME is associated with delayed development 
of canonical babbling skills (Rvachew et al., 1999), with lower scores on 
standardised speech tests (Teele et al., 1984; Van Cauwenberge et al., 1985; 
Klausen et al., 2000; Shriberg et al., 2000), delayed phonological development 
(Paden et al., 1987; Roberts et al., 1988; Abraham et al., 1996), and poorer 
speech perception (Mody et al., 1999; Petinou et al., 2001). Only a few 
investigations did not demonstrate an association between OME and speech 
development (Bishop and Edmundson, 1986; Paradise et al., 2000).
It is known that OME is common in children with cleft palate. Most of the 
studies regarding the effects of OME on speech and language development in 
children with cleft lip and palate have focused on the importance and effects of 
early treatment with ventilation tubes. The results are ambiguous. Freeland and 
Evans (1981) reported that screening on OME and treatment by inserting 
ventilation tubes did not significantly improve speech development in 4-year-olds
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with cleft palate. A similar finding was reported in the retrospective study by 
Robson et al. (1992), who did not find a difference in speech development 
between cleft palate children treated with tube insertion for OME and those 
untreated either. The randomised controlled clinical trial performed by Paradise et 
al. (2001) confirmed that also in the normal population prompt insertion of 
tympanostomy tubes in children younger than 3 years with persistent otitis media 
did not measurably improve speech/language outcomes. However, Hubbard et al. 
(1985) concluded in their retrospective study that hearing acuity and consonant 
articulation were significantly less impaired in a group of children with cleft palate 
undergoing early treatment with ventilation tubes compared to children who 
received treatment at a later age. A similar result was found by Jansonius- 
Schultheiss (1999), who reported a relation between early otologic intervention 
and/or better hearing and phonological development in 2-year-olds.
In the present study aspects of babbling are investigated in relation to the later 
development of speech and language in a group of children with unilateral 
complete cleft lip and palate. The main objective is to find parameters in babbling 
that are predictive of speech development at age 2.5 years. Information on 
occurrence of OME in the first two years of life, insertion of ventilation tubes, and 
hearing threshold at age 2.5 years is included because these aspects may relate 
to the speech development. The data are derived from children who participated 
in a study into the effects of treatment with infant orthopaedics (IO). Earlier 
publications on the results of this randomised clinical trial have shown that 
treatment with IO affects several aspects of speech and language development, 
at the short-term as well as the long-term. Whenever a difference was found, the 
children in the IO group were superior in their speech and language performance. 
Children treated with IO showed enhanced production of alveolar contoids in 
babbling at age 1 (Chapter 2) and their phonological development from age 2 to 3 
was closer to normal when compared to the non-IO group (Chapter 3). 
Furthermore, at the age of 2.5 years, the IO group received higher ratings for 
speech intelligibility (Chapter 4; Chapter 5). At age 2.5 and 3, children in the IO 
group produced more complex sentences with a larger mean length of utterance 
(MLU) (Chapter 6). Since IO in this clinical trial was applied only in the first year of 
life, it is plausible that the basis for better speech and language is formed in this 
period. The present exploration of relationships between characteristics of 
babbling and later speech was expected to shed more light on the beneficial 
effect of IO on speech development.
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Our first hypothesis concerns the use of alveolar sounds in babbling. Alveolar 
sounds are predominant in the babbling of non-cleft infants (Smith and Oller, 
1981; Stoel-Gammon, 1985; Smith, 1988), and less present in the babbling of 
children with cleft (Grunwell and Russell, 1987; O’Gara and Logemann, 1988; 
Estrem and Broen, 1989). It is assumed that IO treatment reduces abnormalities 
in the child’s oral cavity, aids the development of more normal sensori-motor 
patterns, and minimises compensatory behaviour in feeding and babbling (Oblak 
and Kozelj, 1986; Huddart, 1990). In Chapter 2 was shown that alveolar contoids 
were enhanced in babbling of one-year-olds treated with IO, probably because 
the appliance provides an articulatory surface for these sounds. The use of 
alveolar sounds in the pre-lexical period may reflect the establishment of more 
normal sensori-motor speech patterns in children treated with IO and it may 
therefore be predictive of later speech and language development. It is 
hypothesised that the use of alveolar sounds in babbling at 1 and 1.5 years of age 
correlates with the following variables measured at 2.5 years of age: relative 
phonological advance, intelligibility, and less compensatory articulation.
The second hypothesis focuses on the use of oral plosives in babbling. These 
sounds occur frequently in the babbling of normal infants and are among the first 
sound contrasts to emerge in early words. It has been reported that babies with 
cleft palate use fewer oral plosives than their non-cleft peers (Chapman et al., 
2001b). Furthermore, this variable has been shown to relate to later speech 
proficiency in children with cleft palate (Russell and Grunwell, 1993; Chapman et 
al., 2001a). It is hypothesised in the present study that babies who use more oral 
plosives in their babbling will have a more advanced phonological development 
and better intelligibility at age 2.5.
Furthermore, a hypothesis regarding expressive language development is 
included, since treatment with IO also resulted in larger MLU (Chapter 6). It was 
argued that children with better speech would develop better language through 
mediation of more adequate feedback. Since better speech in these children is 
assumed to be associated with the production of both alveolar contoids and oral 
plosives in babbling, these variables of contoid production in babbling are also 
hypothesised to relate to larger MLU at age 2.5.
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Method
Design of the study
The study was carried out within the framework of the Dutch three-centre 
randomised prospective clinical trial (‘Dutchcleft’) into the effects of IO in children 
with unilateral cleft lip and palate (UCLP). Only full term babies with complete 
UCLP were included. Their parents were Caucasian and native speakers of 
Dutch. Patient exclusion criteria were the presence of other congenital 
malformations (except for syndactyly), or soft tissue bands. Parents of eligible 
infants were informed about the trial, and written informed consent was obtained 
from all participants. At trial entrance, which was within two weeks after birth, the 
child was randomly assigned to one of two groups: the IO group (which received 
IO in the first year of life) or the non-IO group (which did not receive this 
treatment). A total of 54 babies were included in the trial: 27 in the IO group and 
27 in the non-IO group.
Treatment with infant orthopaedics according to a modified Zurich approach 
started within two weeks following birth. The technique used is described by Prahl 
et al. (2001). The plate was worn 24 hours a day. It was only removed for 
cleaning and was kept in place until the soft palate was repaired. At 18 weeks, the 
lip was closed surgically according to the Millard technique. The palate was 
closed in two stages, with soft palate repair (modified Von Langenbeck 
procedure) at 12 months of age. Hard palate closure is delayed until 
approximately nine years of age. After surgical closure of the soft palate, the plate 
was no longer used. Not all children tolerated the appliance until their soft palate 
was closed. In these cases IO was terminated at an earlier stage. In two children 
treatment with IO was prolonged for a few weeks after surgical closure of the soft 
palate because of feeding problems; one child used the appliance for 78 weeks.
Participants and data collection
All data were derived from analyses performed in order to evaluate the effects of 
IO on speech and language development. A detailed description of the collection 
of the data, the analyses, and the results can be found in Chapters 2 to 6. The 
investigation was carried out at 6-month intervals in the period from age 1 to age
2.5. Since a differing number of children in each age group participated in the 
analyses (see appendix at page 187-188), the number of participants on which 
the correlations in this chapter are based differ per variable.
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The hearing threshold and middle-ear condition of each child were evaluated 
at 2.5 years by the ear-nose-throat (ENT) specialist of the cleft palate team. 
Hearing levels were obtained by free-field audiometry in a sound-controlled 
chamber, or by means of brainstem-evoked response audiometry (BERA). 
Thresholds of up to 25 dB were considered normal. The middle-ear condition at 
age 2.5 was evaluated by means of otoscopy or by tympanometry. Data on the 
occurrence of otitis media in the period between birth and age 2 were obtained 
retrospectively by means of parent reports.
Variables
Although in the course of the longitudinal Dutchcleft study into the effects of IO 
treatment a great number of speech and language variables were evaluated, only 
variables that were directly related to one of the hypotheses were included in the 
investigation in this chapter. The following predictor variables were included:
• proportion of alveolar sounds in babbling at age 1 and 1.5
• proportion of oral plosives in babbling at age 1 and 1.5
Outcome variables were measured at age 2.5 and comprised:
• number of acquired consonants
• complexity of phonological system of contrasts
• mean length of utterance (MLU) in number of words
• intelligibility (rated by experts on a seven-point scale)
• palatalisation (rated by experts on a seven-point scale)
• lateralisation (rated by experts on a seven-point scale)
• backing (rated by experts on a seven-point scale)
Statistical analysis
Chi2 tests (Likelihood Ratio exact test) were used to evaluate differences in 
hearing history between the IO and non-IO groups. In order to assess the extent 
to which the two category variables on hearing history were related to the 
predictor and outcome variables, Eta was calculated. This index ranges from 0 to 
1 and is a measure of explained variance. If Eta exceeded 0.30, the influence of 
the hearing variable was considered relevant. The correlation between the 
predictor and outcome variables on speech and language was calculated by 
means of Pearson’s correlation coefficient. Cook’s distance was used to measure 
to what extent outliers in the data affected the correlation coefficients (Cook and
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Weisberg, 1982). Cases for which Cook’s distance exceeded unity were 
discarded from the data and the Pearson correlation was calculated on the 
corrected data set.
Results
Hearing history
The occurrence of OME in the period from birth to age 2, the insertion of 
ventilation tubes in this period, and the hearing threshold at age 2.5 are listed in 
Table 1. Analysis by means of Chi tests did not present differences between the 
IO group and the non-IO group in the number of episodes of OME in the two 
years following birth (Chi 2=0.43; p>0.05), or in the hearing threshold measured at 
age 2.5 (Chi 2=1.45; p>0.05). The number of children who had ventilation tubes 
inserted before their second birthday was the same for both groups.
Table 1. Information on the occurrence of OME, hearing threshold, and insertion of 
ventilation tubes. The cell entries indicate the number of children
Episodes of OME 
from birth to age 2
Hearing threshold 
at age 2.5
Ventilation
tubes
None Some Frequent Normal 25-40 dB >40 dB Yes No
IO (n=10) 2 5 3 7 2 1 4 6
Non-IO (n=10) 1 6 3 8 2 0 4 6
In order to evaluate the strength of the associations between the two variables on 
hearing history and the predictor and outcome variables, Eta was calculated. 
Table 2 presents the results. Eta did not exceed the 0.30 criterion for any of the 
associations.
Correlation between babbling and later speech and language
The correlations between phonetic characteristics in babbling and variables of 
later speech and language were calculated by means of Pearson’s correlation 
coefficient. There were some outliers in the data, which could have affected the 
values of the correlation coefficients. Cook’s distance was calculated to measure 
to what extent the regression coefficients changed if particular cases (outliers) 
were deleted. Cases for which Cook’s distance exceeded unity were discarded 
from the data set (Cook and Weisberg, 1982). There were two occasions where 
Cook’s distance exceeded 1 for an outlier (Case 3). This case was discarded from
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the data for the correlation between alveolar contoids at age 1.5 and intelligibility, 
and fo r the correlation between alveolar contoids at age 1.5 and lateralisation. 
The correlation coefficients are presented in Table 3.
Table 2. Eta2 for the association between the two variables on hearing (OME and hearing 
threshold) and the speech and language variables
Episodes of OME between 
birth and age 2
Hearing threshold at 
age 2.5
% alveolar contoids at age 1 0.13 0.16
% alveolar contoids at age 1.5 0.07 0.05
% oral plosives at age 1 0.10 0.02
% oral plosives at age 1.5 0.08 0.06
N of acquired consonants at age 2.5 0.08 0.10
Degree-of-complexity at age 2.5 0.07 0.17
MLU (in words) at age 2.5 0.00 0.13
Intelligibility at age 2.5 0.02 0.09
Palatalisation at age 2.5 0.13 0.08
Lateralisation at age 2.5 0.05 0.27
Backing at age 2.5 0.10 0.05
There were no significant correlations between aspects o f consonant articulation 
in babbling at age 1 and any o f the later speech/language variables. A t age 1.5 
years, there were significant negative correlations between the percent 
occurrence o f alveolar articulations and ratings fo r ‘backing’ (r= -0.53; p<0.05), 
‘palatalisation’(r= -0.47; p<0.05), and ‘lateralisation’ (r= -0.57; p<0.05). These 
cleft-related speech characteristics were less present at age 2.5 years in children 
who produced a higher percentage o f alveolar sounds at age 1.5. These 
correlations are illustrated in scatter plots presented in figures 1 to 3.
The other variable measured at age 1.5, the percent use o f oral plosives, 
correlated with the outcome variable intelligibility(r=0.60; p<0.01) at age 2.5. 
F igure 4 shows that a higher percent use o f oral plosives at age 1.5 was 
associated with better intelligibility. Furthermore, a significant correlation with the 
MLU at 2.5 year was demonstrated (r=0.58; p<0.01). Children who used more 
oral plosives in the ir babbling at age 1.5 were those with the highest MLU at age
2.5 (see figure 5).
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Table 3. The Pearson correlations between the predictor variables at age 1.5 and the 
outcome variables at age 2.5
Speech and language 
at 2.5 years
% alveolar 
contoids at 1 
year
% oral plosives 
at 1 year
% alveolar 
contoids at 1.5 
year
% oral plosives 
at 1.5 year
Number of acquired 
consonants
0.10 (n=13) -0.35 (n=13) 0.38 (n=17) 0.41 (n=17)
Degree-of- complexity 0.07 (n=13) -0.34 (n=13) 0.31 (n=17) 0.26 (n=17)
MLU (in words) 0.06 (n=15) 0.05 (n=15) 0.26 (n=19) 0.58**(n=19)
Intelligibility 0.26 (n=15) -0.47 (n=15) 0.20 (n=18) 0.60**(n=19)
Palatalisation -0.20 (n=15) -0.38 (n=15) -0.47* (n=19) 0.26 (n=19)
Lateralisation -0.27 (n=15) 0.09 (n=15) -0.57* (n=18) 0.36 (n=19)
Backing -0.49 (n=15) 0.37 (n=15) -0.53* (n=19) 0.02 (n=19)
*= correlation significant at p<0.05; **= correlation significant at p<0.01
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Figure 1. The percent use of alveolar contoids at age 1.5 plotted against the ratings for
backing at age 2.5.
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Figure 2. The percent use of alveolar contoids at age 1.5 plotted against the ratings for 
palatalisation at age 2.5.
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Figure 3. The percent use of alveolar contoids plotted against the ratings for lateralisation
at age 2.5.
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Figure 4. The percent use of oral plosives at age 1.5 plotted against the ratings for 
intelligibility at age 2.5.
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Figure 5. The percent use of oral plosives at age 1.5 plotted against the mean length of
utterance at age 2.5.
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Discussion
The aim of the investigation described in this chapter was to explore the 
relationships between characteristics of babbling and later speech. The results 
suggest that the speech proficiency of 2.5-year-old children with cleft lip and 
palate can be predicted from phonetic characteristics in babbling at age 1.5. 
Children with a higher percent use of alveolar contoids in pre-lexical utterances at 
age 1.5 appeared to have less compensatory articulation (i.e., less palatalisation, 
less backing and less lateralisation) in their later speech. Furthermore, the 
percentage of oral plosives used at age 1.5 was a predictor for intelligibility and 
MLU measured at 2.5 years. It should be noted that caution was taken to exclude 
an outlier from the correlational data on two occasions, because this single case 
affected the value of the correlation coefficients disproportionally.
The data that were used in this study were derived from a group of UCLP 
children enrolled in a clinical trial into the effects of IO treatment. Proponents of IO 
state that this treatment prevents the establishment of deviant tongue movements 
and stimulates normal tongue-tip movements (Oblak and Kozelj, 1986; Huddart,
1990). This may well be the reason for better speech and language development 
in the IO group at age 2.5. It was assumed that the establishment of more normal 
sensori-motor speech patterns would be reflected in enhanced use of alveolar 
sounds in babbling of infants treated with IO. Furthermore, it was hypothesised 
that the percent use of alveolar contoids in the pre-lexical period would predict 
several aspects of speech and language development at age 2.5. The data only 
confirmed the hypothesis that enhanced alveolar sound production in babbling 
relates to less deviant tongue movement (i.e., less palatalisation, less 
lateralisation, and less backing) in later speech. At first glance, the explanation for 
the correlation between these variables seems straightforward: it is known that 
the compensatory neuromuscular patterns that the child with cleft palate adopts 
when the palate is still unrepaired may become habitual (Bzoch, 1979). 
Lateralisation, palatalisation, and backing in cleft palate speech may result from 
deviant motor patterns acquired earlier during feeding and from the deviant 
resting position of the tongue. Treatment with IO prevents the establishment of a 
deviant (lateralised) resting position of the tongue because it forces the tongue 
out of the cleft. The artificial alveolar ridge furthermore stimulates normal tongue- 
tip movements, as is reflected in the use of alveolar contoids in babbling at age 1. 
A closer look at the data, however, shows that caution is in order. Although it was 
reported that alveolar sounds in babbling were enhanced in the IO group at age 1 
(Chapter 2), in the subgroup of children included in the present investigation, the
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IO group did not produce significantly more alveolar sounds in babbling (age 1: 
t13=1.52, p>0.05; age 1.5: t17=1.79, p>0.05). It is possible that differences 
between the groups could not be detected in this investigation because of the 
smaller number of participants, which inevitably reduces the power of the 
statistical test. Be that as it may, this lack of distinction does imply that we failed 
to prove that the correlations between alveolar contoids at age 1.5 and less 
lateralisation, less palatalisation, and less backing in later speech were causal 
and related directly to the use of the infant orthopaedic.
We could not demonstrate that the use of alveolar contoids and oral plosives 
in babbling of the babies with cleft lip and palate were predictive of phonological 
development. The absence of a correlation between characteristics of babbling 
and later phonological development may be explained by the rather broad and 
general variables of phonological proficiency that were used in this evaluation,
i.e., the number of acquired consonants and the complexity of the child’s 
contrastive system. If more detailed variables such as acquisition of specific 
classes of consonants had been included, our data might have yielded such a 
correlation.
Furthermore, a remark on the hearing history of the children in this 
investigation needs to be made. The hearing history of the participants was 
roughly the same for both groups. Moreover, the occurrence of OME in the first 
two years of life and the hearing threshold at age 2.5 years did not influence any 
of the speech or language variables. These results are in agreement with the 
study by Hattee et al. (2001) who did not find an apparent correlation between 
speech features and hearing history either. The absence of a correlation may be 
due to the retrospective way in which our data on the occurrence of OME were 
collected. Especially because of poor parental recall, the information on OME 
may have been inaccurate or incomplete. This is why studies specifically targeting 
the effects of OME on speech and/or language include a large number of children 
and use prospective diagnoses of OME (Teele et al., 1984; Roberts et al., 1988; 
Friel-Patti and Finitzo, 1990; Shriberg et al., 2000).
Finally, the ability of an infant with cleft palate to acquire normal speech may 
be related to several factors such as severity of the cleft, the use of infant 
orthopaedics, timing of surgery, hearing capacity, and onset of meaningful 
speech. The results from this study may have contributed to a better 
understanding of one of these factors, namely the beneficial effects of IO on 
speech that were demonstrated in Chapters 2 to 6. However, there is still much
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unknown about how precisely these factors interact and how much they each 
contribute to the development of normal speech.
Conclusion
In a group of children with cleft lip and palate who were enrolled in a clinical trial 
into the effects of infant orthopaedics, two phonetic characteristics of babbling at 
age 1.5 appeared to be predictors of later speech and language development. A 
higher use of oral plosives in the babbling of 1.5-year-olds was associated with 
better intelligibility and larger MLU at age 2.5. Reports from the literature confirm 
that this variable is a predictor for later speech and language proficiency in 
children with cleft (lip and) palate. Furthermore, in this study a higher occurrence 
of alveolar sounds at age 1.5 predicted less compensatory articulation (i.e., less 
lateralisation, less palatalisation, and less backing) in speech at age 2.5. It could 
not be established whether this was directly related to treatment with the infant 
orthopaedic. Further investigations with a larger number of participants are 
needed to increase our knowledge of the factors that may contribute to the 
development of better speech in children with cleft (lip and) palate.
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Chapter 8
Summary
The objective of this chapter was to investigate the cost-effectiveness of infant 
orthopaedic treatment (IO) compared to no such treatment in children with complete 
unilateral cleft lip and palate (UCLP) focusing on the effects on speech 
development at age 2.5. In a three-centre prospective randomised clinical trial 
(‘Dutchcleft’) two groups of children with complete UCLP were followed 
longitudinally: one group was treated with IO based on a modified Zurich approach 
in the first year of life (IO group) and the other group did not receive this treatment 
(non-IO group). The participants had complete UCLP without soft tissue bands or 
other malformations. They were born at term and their parents were native Dutch 
speakers. The effect of IO on speech development at age 2.5 was measured blindly 
by five expert listeners judging the ‘total impression of speech quality’ on a ten-point 
EAI-scale. The results showed that the IO group (n=10) obtained a statistically 
significant higher rating compared to the non-IO group (n=10). The effect size was 
large, indicating that the improvement may be considered as a clinically important 
change. The cost for treatment by the orthodontist was higher in the IO group. For 
both groups the mean cost was related to the mean rating for ‘total impression of 
speech quality’. The resulting cost-effectiveness for IO compared to non-IO was 
€1,041 for 1.34 point speech quality improvement. The financial investment that is 
necessary to obtain this improvement seems limited. Thus, from the perspective of 
speech development, so far, the cost-effectiveness of IO over non-IO seems 
acceptable.
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Introduction
In many cleft palate centres, especially in Europe, infant orthopaedics (IO) is used 
in the comprehensive care of children with cleft lip and palate. The relevance of 
this treatment, however, is controversial. In past decades, both proponents and 
opponents of IO have expressed their opinions in the literature. Among the 
advantages of IO claimed in the literature are correct alignment of the alveolar 
segments and narrowing of the cleft (McNeil, 1956), facilitation of surgical closure 
of the cleft and thus improved aesthetic outcome (Gnoinski, 1990), facilitation of 
feeding (Oliver, 1973; Lubit, 1976), parental support (Lubit, 1976; Huddart, 1990), 
and improved speech (Stuffins, 1981; Hotz et al., 1986; Gnoinski, 1990). 
Opponents state that this treatment is expensive, inhibits maxillary growth 
(Pruzansky, 1964) and increases the incidence of dental caries (Bokhout et al., 
1996). Since these reports are largely anecdotal and based on clinical 
observations, except for the study by Bokhout et al., they hardly provide the 
discussion on the value of IO with objective, scientifically documented arguments. 
In order to investigate the effects of treatment with a passive appliance according 
to a modified Zurich approach, a three-centre randomised prospective clinical trial 
(‘Dutchcleft’) was started in 1993 in the Netherlands. This study comprises 
evaluation of the effects on (1) general aspects such as feeding and parental 
satisfaction (Kuijpers-Jagtman et al., 1998), (2) surgical and orthodontic 
measures (Prahl et al., 2001), and (3) speech and language development (this 
thesis). A cost-effectiveness analysis is part of the study as well (Severens et al., 
1998).
Nowadays, cost-effectiveness information of medical technologies or 
interventions is used in addition to clinical efficacy to determine whether these 
technologies should be available to patients. Although the number of economic 
evaluations in dentistry seems to be increasing, there are only few economic 
evaluations of orthodontics. Cunningham (2001) reviewed this topic and 
concluded that the previously reported short term cost-effectiveness of IO 
(Severens et al., 1998) is the only example of a combination of a clinical trial and 
an economic evaluation in this field. Despite this fact, especially in case of 
reimbursement decisions, cost-effectiveness estimates can be useful. Thus in 
Australia, Canada, and several European countries, guidelines for conducting 
cost-effectiveness analysis exist (Hjelmgren et al., 2001). The main principle of 
cost-effectiveness analysis is to estimate the cost and patient outcome 
(consequences or effectiveness) of an intervention compared to an alternative
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(Drummond et al., 1997). Based on this explicit comparison, the difference in cost 
is related to the difference in effectiveness between alternative treatments in 
order to determine whether the incremental cost-effectiveness, indicating the 
costs that are necessary to gain extra health outcome, is acceptable. In the 
Dutchcleft study, a cost-effectiveness analysis was planned for all three research 
areas (i.e., general aspects, surgical and orthodontic aspects, and speech and 
language development). The short-term cost-effectiveness analysis based on the 
results of the time taken for the surgical lip closure was described by Severens et 
al. (1998). Since there was no statistically significant effect from IO treatment on 
operating time for surgical lip closure, our previous work did not include an 
incremental cost-effectiveness analysis. This chapter reports the cost- 
effectiveness of IO treatment compared to no such treatment in patients with 
complete unilateral cleft lip and palate, focusing on the effects on the children’s 
speech development at the age of 2.5 years.
Method
Study design and treatment protocol
In 1993, a study into the effects of a passive form of IO according to a modified 
Zurich approach was started. The study was designed as a three-centre 
prospective two-arm randomised controlled clinical trial. Only full term babies with 
complete UCLP were included. Their parents were Caucasian and native 
speakers of Dutch. Patient exclusion criteria were the presence of other 
congenital malformations (except for syndactyly), or of soft tissue bands. Parents 
of eligible infants were verbally informed about the trial. The informed consent 
contained comparable written information; it was signed by the parents after they 
agreed to participate. A child entered the trial preferably within two weeks after 
birth and was assigned to one of two groups by means of a computerised 
balanced allocation procedure. Patients were allocated based on birth weight 
(<3300 g or >3300 g) and alveolar cleft width (<8 mm, between 8 and 12 mm, or 
>12 mm). One of the groups received IO in the first year of life (IO) and the other 
group did not receive this treatment (non-IO). A detailed description of the 
procedure can be found in the publication of Prahl et al. (2001).
Treatment with infant orthopaedics started within two weeks following birth. 
The technique used was described in Prahl et al. (2001). The plate was worn 24 
hours a day. It was only removed for cleaning and was kept in place until the soft 
palate was repaired. At 18 weeks of age, the lip was closed surgically according
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to the Millard technique. The palate was closed in two stages, with soft palate 
repair (modified Von Langenbeck procedure) at 12 months of age. Hard palate 
closure is delayed until approximately nine years of age. After surgical closure of 
the soft palate, the plate was no longer used. Not all children tolerated the 
appliance until their soft palate was closed. In these cases, IO terminated earlier. 
In two children treatment with IO was prolonged for a few weeks after surgical 
closure of the soft palate because of feeding problems; one child used the IO for 
78 weeks. These children all remained in the IO group.
Participants
A total of 54 babies (41 boys, 13 girls) were included in the trial, 27 in the IO 
group and 27 in the non-IO group. In total, the intake of this patient sample 
covered a period of more than three years. The data in this chapter are derived 
from a group consisting of 20 2.5-year-old UCLP toddlers (IO, n=10; non-IO, 
n=10). This sample is smaller than the total number of children participating in the 
full trial because, due to the above-mentioned lengthy inclusion period, only ten 
children of this age in this group were available at the time of the present 
evaluation.
Data collection
A sample of spontaneous speech was recorded from all toddlers in their home 
environment by two investigators using high-quality audio equipment (Sony TCD- 
D7 DAT Walkman with a Sennheiser MD421U-4 dynamic microphone). The child 
and one of the researchers were engaged in semi-structured play. A fixed set of 
toys was used to elicit speech. The toys represent words that are most commonly 
heard in the active vocabulary of the normally developing 2.5-year-old child 
(Schlichting et al., 1995).
Speech evaluation
A speech sample of 15 utterances per child was selected from the recorded 
conversation for use in the blinded perceptual evaluation experiment that is 
described in detail in Chapter 5. The ratings were carried out by five trained 
listeners. All were graduated speech therapists with experience in assessing cleft 
palate speech, but they were not involved in the children’s treatment program. 
Before the actual experiment took place, the raters attended a training session 
allowing them to familiarise themselves with the scales and the speech samples.
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Anchor stimuli, representing typical examples of the speech characteristics, were 
used in the training to provide the raters with the same set of perceptual referents.
The cost-effectiveness analysis required that the effects of the treatment were 
expressed in one general evaluative effect measure. In order to obtain such a 
measure, the listeners were asked to rate their total impression of the speech 
quality on a ten point equal-appearing-interval (EAI) scale. A score range of ten 
corresponds with the grades given in Dutch schools and was therefore 
considered the appropriate range for this general evaluative measure of speech 
quality. Prior to providing this general evaluative rating, the listeners rated 13 
specific aspects of speech quality on seven-point EAI scales (see Chapter 5 for a 
detailed description of these scales). The listeners were instructed to consider all 
specific speech aspects when rating the total impression of the speech quality.
Effect size
Effect sizes are used in health care research to assess the magnitude and 
meaning of health status changes (Kazis et al., 1989). Obviously, statistical 
significance is a necessary condition for judging a treatment to be effective. A 
statistically significant difference, however, may not be synonymous with a 
clinically important change. The clinical importance can be expressed by the 
magnitude or the size of the effect produced by the intervention (Kazis et al., 
1989). The effect size in this study was expressed as ES = (mio -  mnon-i0)/overall 
SD, where mio is the mean speech quality score in the treated group (IO), mnon-io is 
the mean speech quality score in the non-IO group, and overall SD is the 
standard deviation pooled for both groups (Cohen, 1977). Cohen defined an 
effect size of 0.20 as small, one of 0.50 as moderate, and one of 0.80 or greater 
as large.
Cost-effectiveness analysis
As a starting point for the cost-effectiveness analysis, a societal viewpoint was 
used, indicating that cost of the treatment of patients was based on real prices 
instead of charges. Besides this, a differential approach was used to estimate the 
difference in cost between the IO and non-IO patients. In this approach, the 
treatment provided to both IO and non-IO patients by other specialists than 
orthodontists was considered to be equal and was not subject to the cost- 
analysis. The use of medical care facilities (number of visits to the orthodontist, 
duration of the visits, use of materials) were measured prospectively by means of 
a log. The registered volumes of care were valued by prices in order to have an
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indication of the cost of treatment by the orthodontist for each patient. The prices 
reported are based on 1994 data and converted and indexed to 2002 Euro. A 
more extensive description of the cost analysis methods used has been published 
elsewhere (Severens et al., 1998).
The mean costs of both groups were related to the mean effectiveness in 
terms of the total impression of speech quality as rated by the speech therapists. 
This resulted in the incremental cost-effectiveness ratio: the cost difference of IO 
over non-IO related to the improvement in speech score. The incremental cost- 
effectiveness indicates the financial investment needed to obtain effectiveness. 
The uncertainty surrounding this ratio was generated by the non-parametric 
bootstrap method (Briggs and Fenn, 1998). The principle of bootstrapping is that 
a random sample with replacement from the data of the size of the study 
population is taken a large number of times (in this study, 1,000 times). As a 
result, the bootstrap incremental cost-effectiveness ratio can be calculated from 
each bootstrap series. These 1,000 bootstrap ratios can be presented on the 
incremental cost-effectiveness plane by plotting the cost and effect pairs. The 
information from the bootstrap simulations was translated into the cost- 
effectiveness acceptability curve (Briggs and Gray, 1999). This curve results from 
determining several ceiling cost-effectiveness ratios and calculating the proportion 
of bootstrap ratios lying below each ceiling. The determination of a cost- 
effectiveness acceptability curve is common usage in health economics to show 
decision-makers the relationship between the maximum willingness to pay for 
improvement and the probability that a technology is cost-effective when 
compared with the alternative.
Results
Effectiveness analysis
The first step in the effectiveness analysis was to determine the reliability of the 
ratings. The interrater reliability of the ratings was calculated by means of 
Cronbach’s a, the appropriate statistic when raters are considered as a fixed 
factor and the objects as a random factor (Rietveld and van Hout, 1993). If 
Cronbach’s a exceeds 0.75, the reliability may be considered sufficient. The 
interrater reliability of the ratings in this experiment was very high: Cronbach’s a 
was 0.93.
Intrarater reliability was calculated over four items that were rated twice (not 
consecutively) in the experiment. It was assessed by means of Pearson’s
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correlation coefficient between the ratings and re-ratings. Although not statistically 
significant, the intrarater reliability was substantial: Pearson’s r  was 0.64 (p>0.05). 
The consistency o f the ratings was evaluated by a t  test comparing the absolute 
values o f the ratings and re-ratings. This t  test was not statistically significant 
(t3=-1.36; p>0.05), which implied that no large inconsistency existed in the ratings.
Since the reliability o f the ratings was sufficient, the results o f the rating 
procedure were used to evaluate the effect o f IO treatm ent on the measure for 
total impression o f speech quality. A  t  test was used for this purpose. The groups 
differed significantly from each other on this general evaluative effect measure 
(t8=2.28; p<0.05). The IO group obtained a statistically significant higher rating for 
‘total impression o f speech quality ’ (3.52, SD 1.75) compared to the non-IO group 
(2.18, SD 0.62).
Effect size
The results described above showed that the IO group obtained statistically 
significant higher ratings fo r the ir speech quality. A  statistically significant 
difference, however, does not imply that the improvement is clinically relevant as 
well. In order to evaluate the clinical importance, the effect size was calculated. 
The effect size, expressed as ES = (mio -  mnon-io)/overall SD, yielded 0.92, which 
was large.
Cost-effectiveness analysis
The cost fo r IO and non-IO treatm ent groups are reported in Table 1. More details 
about the number o f visits, duration o f visits and the materials used that are the 
basis fo r these cost figures can be found in our previous work (Severens et al., 
1998). Although the non-IO group did not receive infant orthopaedic treatment, 
these patients visited the orthodontist for extra check-ups. For both groups, the 
mean cost was related to the mean rating fo r total impression o f speech quality. 
The resulting incremental cost-effectiveness fo r IO compared to non-IO was 
€1,041 for 1.34 point speech quality improvement, thus €777 per point speech 
quality improvement.
Table 1. Cost (in Euro) of treatment by the orthodontist in the period from birth to soft palate 
closure
Mean SD Median Minimum Maximum
IO (n=10) 1,460 247 1,433 1,096 1,842
Non-IO (n=10) 419 91 380 337 600
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The results of the bootstrap simulation of the cost-effectiveness are presented in 
Figure 1. Every bootstrap simulation indicated a positive cost difference, thus 
showing IO to be more expensive than non-IO. Only three out of the 1,000 
simulations indicated IO to be inferior (both more costly and less effective) than 
non-IO. Therefore, the plot shows 997 bootstrap ratios lying in the first quadrant, 
indicating that IO was both more costly and more effective than non-IO.
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Figure 1. The plot of 1,000 bootstrap incremental cost-effectiveness ratios as a result of 
random sampling of the size of the study population with replacement from the original 
patient data.
The cost-effectiveness acceptability curve (Figure 2) shows the uncertainty 
surrounding the incremental cost-effectiveness as a plot of the maximum 
willingness to pay for one point speech improvement. For example, IO would 
have a 67% chance of costing less than €1,000 extra per point speech quality 
improvement and 95% chance of costing less than €2,500 per point speech 
quality improvement. Besides this, these results indicate that it is 99.7% sure that 
IO is not inferior to non-IO.
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CE ceiling ratio (in Euro 1,000)
Figure 2. The incremental cost-effectiveness acceptability curve showing the relationship 
between the maximum willingness to pay for one point speech quality improvement and the 
probability of IO being cost-effective.
Discussion
In this study, we reported the cost-effectiveness of infant orthopaedic treatment 
compared to no such treatment in patients with complete unilateral cleft lip and 
palate, focusing on the speech of the children at the age of 2.5 years. Previously, 
the short term cost-effectiveness of IO was related to the duration of the surgical 
lip closure (Severens et al., 1998). However, this latter effectiveness parameter 
has little relation to what might be classified as effectiveness in terms of clinical 
outcome. Therefore, this chapter reports the longer term follow-up study the 
effects on speech. The perceptual evaluation of a general evaluative measure for 
speech quality at 2.5 years of age clearly showed a beneficial effect of IO. Not 
only was the effect statistically significant, the size of the effect was large, 
implying that the improvement in speech quality measured at age 2.5 may also be 
considered as a clinically important change that will bring the child with a cleft lip 
and palate one step closer to normal speech and language development. Relative 
to the total cost spent on the management of children with cleft lip and palate, the 
financial investment (difference in mean costs €1,041) that is necessary to obtain 
this improvement seems limited. Furthermore, the additional cost of IO treatment 
may at least partly be outweighed by the cost prevented for speech therapy in
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later years. In addition to the assessment of the patients’ speech, the panel of 
speech therapists indicated (blindly) for each patient the necessity of speech 
therapy in the year following the assessment (see Chapter 5). The mean number 
of speech therapy sessions deemed necessary in the IO group was 34.6; the 
non-IO group was judged to need 45.8 sessions of speech therapy in the year 
following the assessment (t18=-2.55; p<0.05). The mean cost prevented for 
speech therapy related to this prognosis is €270. Obviously, since the cost for the 
actual speech therapy that the children obtained after the age of 2M> years was 
not examined yet, this statement remains speculative and additional follow-up of 
the participants in this trial is warranted.
It should be mentioned that the importance of IO cannot be judged on this 
cost-effectiveness analysis alone. Other outcome variables (such as surgical and 
orthodontic aspects), possible adverse effects of IO, and the effort and dedication 
that are asked of the parents should be taken into account when considering the 
value of this comprehensive treatment. However, from the perspective of speech 
development, so far, the cost-effectiveness of IO over non-IO seems acceptable.
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General discussion
Chapter 9
This discussion section first summarises the effects of infant orthopaedics (IO) on 
speech and language development in children with complete unilateral cleft lip 
and palate (UCLP). Secondly, some methodological considerations are given 
regarding the investigation of speech and language development in this study. 
Subsequently, implications for therapeutic management are indicated, followed by 
suggestions for further research.
Effects of IO on speech and language development
In the past decades, proponents and opponents of infant orthopaedics have 
expressed their opinions in the literature. Most of the reports on the effects of 
infant orthopaedics are largely anecdotal and based on clinical observations 
instead of well-designed research. In order to provide the discussion on the value 
of IO with objective results, the clinical trial ‘Dutchcleft’ was started in 1993. This 
trial included four research areas. One of these focused on speech and language 
development and is described in this thesis. The results of this trial show that 
treatment with IO affects several aspects of speech and language development.
At the age of 12 months, when the plate was still in situ, IO enhanced the use 
of alveolar sounds in babbling (see Chapter 2). Hotz et al. (1986) already 
hypothesised that IO would facilitate alveolar contoid use, but they never tested 
their statement. Other proponents of IO treatment also postulated that IO aids the 
development of normal tongue-tip behaviour (Stuffins, 1981; Hotz et al., 1986; 
Gnoinski, 1990; Gruber, 1990). The enhanced use of alveolar contoids found in 
our study seemed to be a temporary effect that was present only during the 
period in which infant orthopaedics was applied, because at age 18 months, when 
the plate was no longer used, there were no apparent effects of IO on babbling. 
However, the evaluation of later speech and language development showed that 
also at a later age effects of the treatment were still measurable. At age 2.5 years, 
for example, significantly fewer children in the IO group used an abnormal system 
of phonological contrasts. Subsequently, at age 3, the IO children had acquired 
more consonants than the children who were not treated with IO. A similar finding 
for two-year-old children with cleft palate has been found in the longitudinal study 
of Jansonius-Schultheiss (1999), who reported that children treated with IO had 
acquired more consonants and used a contrastive system with a higher ‘degree- 
of-complexity’ than their peers treated without IO.
Additionally, apart from the effects of IO that were already hypothesised in the 
literature, other effects of IO on speech and language development, not 
previously mentioned in the literature were demonstrated in this thesis. It was
150
General discussion
shown in two separate experiments (one with lay listeners, and one with experts) 
that children in the IO group obtained higher intelligibility ratings. The lay listeners, 
however, also transcribed the utterances in a write-down procedure. Although the 
judged intelligibility was better in the IO group, this was not reflected in higher 
scores in the transcription task, so it is not clear whether the groups of patients 
did differ in actual intelligibility or not. Finally, IO treatment also influenced 
language development. At age 2.5 and 3, children in the IO group produced more 
complex sentences with a higher mean length of utterance (MLU).
Among the great number of benefits attributed to IO is also mentioned that 
palatal cleft width reduction associated with IO treatment would result in a better 
repair of the soft palate, which may eventuate in a better velopharyngeal 
competence (Gnoinski, 1990). Although orthodontic part of the Dutchcleft trial 
showed that the posterior cleft width was significantly more reduced in the IO 
group before lip repair, there were no differences between the groups in the 
period after lip surgery (Prahl et al., 2001). The time spent by the surgeon to close 
the soft palate did not differ between the groups either (Kuijpers-Jagtman et al., 
1998). The analysis in Chapter 3 showed that in the subgroup that was 
investigated at all three time points the non-IO group presented significantly more 
nasal escape at age 3, however, we cannot draw any conclusions from this 
finding. As the cleft in the hard palate is still unrepaired, involuntary escape of air 
through the nose is likely to occur in all the children, regardless of their treatment.
A second alleged benefit of IO that was not validated in the Dutchcleft trial was 
the reduced occurrence of middle-ear infections. Lubit (1976) and Oliver (1973) 
hypothesised that middle-ear infections would occur less frequently in IO children 
because IO treatment would keep the naso-pharynx clear from food. Testing this 
supposition was beyond the scope of this thesis. However, retrospective 
information on the hearing histories of the children in the trial included in Chapters 
6 and 7 showed that these were roughly the same for both groups, suggesting 
that there was no effect of IO on the occurrence of otitis media.
The explanation for the effects of IO treatment on later speech and language 
development is not by definition transparent. IO is only used in the first 12 months 
of life, and still appears to have longer term effects. The effects of IO may be 
explained by the treatment’s impact on the oral motor patterns that are 
established in the first year. It is known that a cleft palate already influences the 
development of the movements of the tongue tip in the very early months of life 
(Morley, 1970). Many children with alveolar clefts may develop greater activity of 
the mid and posterior parts of the tongue blade in sucking because the tongue is
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unable to compress the nipple against the alveolus. The increased activity of the 
mid and posterior parts of the tongue is also seen in the development of speech; 
since there is no support for the tongue, alveolar articulations will be produced at 
a more posterior place of articulation. Treatment with IO provides the infant with 
an artificial alveolar ridge and may thus aid the development of more normal 
sensori-motor patterns, and minimise compensatory behaviour in feeding and 
babbling. In the first 12 months of life, when the appliance was still in situ, the 
children in the IO group benefited from the artificial alveolar ridge by enhanced 
production of alveolar sounds in their babbling. The use of alveolar sounds is 
predominant in the babbling of non-cleft infants (Smith and Oller, 1981; Stoel- 
Gammon, 1985; Smith, 1988), and less present in the babbling of children with 
cleft (Grunwell and Russell, 1987; O’Gara and Logemann, 1988; Estrem and 
Broen, 1989). Enhanced production of alveolar consonant sounds in the pre- 
lexical period may reflect the establishment of more normal sensori-motor speech 
patterns in children treated with IO. Since sound patterns practised in babbling 
closely resemble those used in early words (Oller et al., 1976; Stoel-Gammon, 
1985; Vihman et al., 1985) it is likely that IO children persist in the use of more 
normal sensori-motor patterns in their meaningful speech. This may lead to a 
more normal pattern of phonological development, resulting in more intelligible 
speech. Broen et al. (1998) stated that children with better, more intelligible, age 
appropriate speech may receive more accurate feedback from their environment. 
Through mediation of better feedback, the children in the IO group may have 
developed better expressive language skills.
There are two age groups (18 months and 2 years) in this longitudinal study in 
which no effects of IO were demonstrated. At the age of 18 months, when the IO 
group did no longer wear the appliance, no apparent differences were found in 
the characteristics of pre-lexical utterances. Six months earlier, when the 
appliance was still in situ, the IO group showed enhanced production of alveolar 
sounds. The use of alveolar sounds increased in both groups in the period from 
12 to 18 months. Although the children treated with IO still used more alveolar 
sounds than the non-IO group, the difference was not statistically significant. It is 
reasonable that the children in the IO group missed the support from the artificial 
alveolar ridge in producing alveolar articulations at the age of 18 months and that 
they would have used more alveolar sounds if they still would have worn the 
appliance. The impact of IO on the underlying senso-motor patterns, resulting in 
less deviant articulation, however, is persistent and manifests itself again in a 
better speech and language development at age 2.5 and 3.
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Methodological considerations
Sample size and inclusion period
First of all, a note should be made regarding the sample size and the inclusion 
period. The study was designed as a two-arm randomised prospective clinical 
trial. Beforehand, the sample size, which was based on an orthodontic criterion of 
treatment of UCLP children (sagittal midfacial development of the maxilla), was 
calculated at 23 children per group. In order to compensate for possible dropouts 
a total number of 27 patients in each group were included. A power analysis 
based on criteria for speech was not performed. The sample size needed in an 
investigation can only be calculated if information on the population variation of 
relevant measures is known. Such information, for the normal population as well 
as for groups with a specific impairment, is still lacking in our field, because there 
are no standardised measuring instruments available in the study of speech. In 
this respect, investigators should strive for standardisation of scale type and scale 
division for the different dimensions in speech in order to gather information on 
the variation in the different populations. Only then, researchers in our field can 
be sure that the size of their study sample is large enough to demonstrate effects 
or differences between groups. In our study, we could only assume that the 
number of participants included in the trial would suffice to evaluate effects of IO 
on speech and language development.
Apart from that, unfortunately, the inclusion comprised a much longer period 
than expected from the incidence of cleft palate (about 350 births per year). More 
children than foreseen had to be excluded, for example, because of soft tissue 
bands or non-Caucasian parents. The consequence for the speech and language 
evaluation, which was carried out within the framework of a three-year project, 
was that not all 54 children could be included in the assessment. This was a 
difficulty because the power of statistical tests decreases with a lower number of 
participants. So, although for some variables the differences between the 
treatment groups were such that even with small patient groups statistically 
significant differences were found, it may have been possible that other effects of 
IO on speech and language development were missed because of the small 
number of participants. A second difficulty relates to the fact that participants in 
the groups differ at the various time points, because of missing cases in the 
analyses. The appendix (page 187-188) shows how the children included in the 
analyses differ at the various age groups. The missing cases were caused partly 
by practical reasons (for example illness of the child) and partly because children
153
Chapter 9
did not meet the criteria for inclusion in the analysis (for example a minimum of 50 
words for FAN analysis at age two). In case children were excluded because of 
low language skills, it was checked whether the number of ineligible children in 
each group differed significantly. This was not the case in any of the analyses. 
The fact, however, that in some analyses only temporal effects of IO were found 
may have been caused by the differing participants in the groups at the various 
time points.
Collection of pre-lexical data
Secondly, the collection of the pre-lexical data warrants mention. It is generally 
recognised that recordings from infants should take place in a setting where the 
child is relaxed and comfortable. Most investigators therefore regard the home 
environment as the best place to record speech data from infants (Grunwell and 
Russell, 1987). However, even at home, babies of 1 and 1.5 years of age may be 
shy and always need some time to get used to the investigators and their 
equipment. The children in our trial were always given ample time to get 
acquainted because the recording session did not start until an interview with the 
parent (usually the mother) had been taken and all the equipment had been 
installed. The speech sample was obtained while the children were engaged in a 
free play with one of the investigators, contrary to many studies in which the 
mothers interacted with their baby. It was our experience from a pilot study, that 
more than once mothers were less responsive to their child than they would 
normally be, because they did not feel comfortable by the presence of the video 
camera. Therefore, we decided to record the child in interaction with one of the 
researchers to ensure that each child was equally encouraged to vocalise. As is 
also reported by other studies with infants, the entire sampling period usually 
lasted one hour until at least 120 vocalisations were obtained, which implies that 
the vocalisation rate was not high. Following elicitation of the speech sample, the 
parent was asked whether the vocalisations obtained were representative for the 
child’s babbling. This way, a representative sample containing at least 120 
utterances was recorded from each infant.
Standardised measuring instruments
Another remark concerns the instruments by which speech and language 
development was measured. There are few objective standardised measuring 
instruments suited for the assessment of speech and language development of 
infants and toddlers. In this thesis, standardised procedures or tests were used to
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assess: (1) phonological development of the toddlers (by means of FAN: Beers, 
1995), (2) receptive language skills (by means of the Dutch version of the Reynell 
Developmental Language Scales: Schaerlaekens et al., 1993), and (3) expressive 
language skills in 6-year-olds (TvK: van Bon, 1982, and Schlichting test: 
Schlichting et al., 1995). For the evaluation of expressive language skills of young 
children, a standardised test for the Dutch language has been developed recently 
(Schlichting et al., 1995), however, at the time the toddlers in this clinical trial 
were evaluated, this test was not available yet. Instead, the language measures 
MLU and MLLU, which are simple and reliable indexes for morphosyntactic 
development in young children (Brown, 1973) were used. A more comprehensive, 
but also much more time consuming, syntactic assessment method exists for the 
Dutch language (GRAMAT: Bol and Kuiken, 1988), however, this method was not 
used because its additional value was not beforehand obvious.
Auditory-perceptual analysis
In order to evaluate speech quality we had to resort to subjective procedures such 
as auditory-perceptual analysis, which have a long history in the study of speech 
production. In daily clinical practice, informal auditory judgements are often made 
by a single rater on a (most often) self-composed, limited list of rating scales or a 
(formal) articulation test. Fortunately, initiatives have been undertaken to 
standardise the parameters of speech evaluation in the clinical setting (Sell et al., 
1994; Wyatt et al., 1996; Hirschberg and Van Demark, 1997; Shaw et al., 2000; 
Sell et al., 2001). A rating procedure with a single rater, however, does not 
guarantee a reliable and consistent assessment and cannot be used in scientific 
research. Auditory-perceptual analysis can also take the form of a rating 
procedure with a panel of listeners. A panel of raters, be it laypersons or 
experienced clinicians, implies that the reliability of the rating instrument can be 
determined and is therefore better suited for a scientific setting. The reliability of 
the ratings, for that matter, is not per definition high when employing listeners with 
years of clinical experience (Kreiman et al., 1993). Training with reference 
samples, as was done in our study, may promote better interrater agreement than 
simply selecting experienced raters (Kent, 1996).
Although frequently used in the study of speech production, auditory- 
perceptual analyses are subject to a number of influences and limitations. If a 
number of different dimensions are rated separately in an experiment, there may 
be high intercorrelations between the rated dimensions, implying that the 
dimensions are not perceptually independent. (Sheard et al., 1991). Ratings on
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apparently separate dimensions may thus in fact reflect an overall perception of a 
number of concurrent speech characteristics. In this thesis, a rating experiment 
with 15 separate rating scales was described (see Chapter 5). A number of these 
dimensions were intercorrelated. The single dimension (intelligibility) that reflected 
effects of IO treatment correlated highly with other variables such as ‘correctness 
of articulation’ and ‘total impression of speech quality’. Thus, the intelligibility 
ratings in this experiment may include the perception of other, more global 
aspects of speech. This was also suggested by Southwood and Weismer (1993) 
who found that intelligibility correlated highly with acceptability and naturalness, 
and was also a good indicator of overall speech impairment.
A second difficulty in using auditory-perceptual judgement is that the choice of 
the rating scale can affect the raters’ ability to discern reliable differences along 
the dimension of interest. Dimensions are either prothetic or metathetic in nature 
(Stevens, 1975). According to Stevens, a prothetic continuum is additive, whereas 
a metathetic continuum is substitutive. An example of a prothetic continuum is 
loudness. This aspect of speech varies in magnitude or in quantity. A prothetic 
continuum such as loudness cannot be partitioned into equal intervals by 
listeners. If raters attempt to partition a prothetic dimension into equal intervals, 
they typically demonstrate a systematic bias toward subdividing the lower end of 
the continuum into smaller intervals than the upper portion of the continuum. 
Interval scaling, therefore poorly represents measurement of a prothetic 
continuum. Direct magnitude estimation (DME) scaling does not assume a linear 
partitioning of the continuum and is a more appropriate procedure for prothetic 
dimensions. An example of a metathetic continuum is pitch. With a metathetic 
dimension, listeners are able to divide the continuum into equal intervals, because 
the listeners’ naturally occurring perceptual intervals are equal. Therefore, EAI 
scales are suitable for quantification of a metathetic dimension. Many of the 
perceptual dimensions commonly scaled in speech pathology, such as nasal 
voice quality or intelligibility are prothetic in nature (Schiavetti, 1992; Zraick and 
Liss, 2000). Nevertheless, many investigators have used EAI scaling to measure 
these dimensions, since DME may not be the most practical method for clinical 
measurement of speech. In measuring intelligibility for example, the lack of an 
easily interpreted unit of measurement reduces the clinical utility of DME for 
communication of intelligibility data to other professionals or laypersons. 
Additionally, the DME procedure can be somewhat cumbersome to use because 
it requires the use of either a standard speech sample assigned to a modulus 
value, or the difficult modulus equalisation technique to remove interlistener
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variance in selection of a modulus value for the free-modulus procedure 
(Schiavetti, 1992). Folkins and Moon (1990) also indicate that the differences 
between the EAI and DME scaling may not always justify the extra work required 
to perform DME procedures. For these reasons, EAI scaling was used in this 
thesis to measure speech quality dimensions.
An alternative procedure to assess the dimension of speech intelligibility is the 
use of a word identification test or a write-down procedure. Such procedure can 
provide speech intelligibility measures that are at least as reliable as those 
yielded by scaling procedures (Schiavetti, 1992). Chapter 4 describes an 
intelligibility assessment in which EAI scaling and a write-down procedure were 
compared. Although the overall correlation between these measures was high, 
the correspondence at the lower end of the intelligibility range was poor. This may 
relate to the fact that at the lower end of the continuum, a prothetic dimension 
such as intelligibility is poorly represented by EAI scaling. However, it may also be 
explained by the larger standard deviations in the lower write-down scores, which 
indicated that the listeners varied more in their ability to understand speech with 
very poor intelligibility.
Acoustic analysis
Given the limitations and difficulties in auditory-perceptual analysis, one would 
suggest that acoustic analyses should provide ideal instrumental procedures to 
replace perceptual judgements. Acoustic analyses are objective, entirely non­
invasive, and the data are relatively easy to collect and analyse. Acoustic 
analyses have been used to investigate infant vocalisations, most often in 
addition to or as a substitute for phonetic transcription (Buhr, 1980; Kent and 
Murray, 1982; Kent and Bauer, 1985; Holmgren et al., 1986; De Boysson-Bardies 
et al., 1989). The use of acoustic measures in the analysis of infant vocalisations 
or child speech, however, entails a number of difficulties related to the voice 
characteristics of children. Infant vocalisations are often strongly nasalised. 
Acoustic effects of nasalisation are reflected in the introduction of unexpected 
resonances and antiresonances (Kent, 1976). These effects complicate the 
interpretation of acoustic measures (Buhr, 1980). The interpretation of acoustic 
measures are further complicated by harmonic doubling, which may appear as a 
result of a rough or noisy voice quality, which is often present in infant 
vocalisations (Kent and Bauer, 1985). Furthermore, the estimation of formant 
frequencies in children’s speech is difficult. The resolution of the formants in the 
spectrogram is poor because of the widely spaced harmonics related to the high
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fundamental frequency of children’s voices (Kent, 1976; Huggins, 1980). Acoustic 
measures of disordered speech have often been extra difficult to interpret in a 
meaningful manner. An additional complicating factor in the speech of children 
with a palatal cleft, for example, is the sustained coupling of the nasal cavity to 
the oral cavity. In non-cleft children speech becomes less nasalised with age, 
because of growth and change of the anatomy of the vocal tract (Kent and 
Murray, 1982). The speech of children with cleft palate, however, may remain 
hypernasal because of the unrepaired palatal cleft and/or insufficient 
velopharyngeal function. Although the acoustic effects of nasal coupling are well 
understood in theory, in practice there is no unique acoustic correlate because of 
the interaction between the oral transfer-function, which varies continuously in 
spontaneous speech, and the nasal transfer-function. Given the difficulties in the 
interpretation of acoustic analyses especially for the speech of children with a 
palatal cleft, these measures were not considered suitable for the evaluation 
carried out in this thesis.
Another objective acoustic measure is the evaluation of nasality by means of 
the Nasometer (Kay Elemetrics). Unfortunately, this instrument could not be used 
in this thesis either, because it is not suited for very young children. First of all, the 
standardised texts to be used with the instrument are too complex for toddlers, 
especially for those with a language delay, but this difficulty might have been 
overcome by adapting the texts for young children. However, the greatest 
problem was the children’s fear for the equipment: a head-set with a horizontal 
separation plate resting against the child’s upper lip. A similar problem is known 
from paediatric audiometry, where young children often are afraid of wearing 
headphones. Apart from these practical considerations, the relation between 
perceived nasality and nasalance scores obtained by means of the Nasometer is 
not unambiguous. Some studies indicate that there is a strong correspondence 
between perceived nasality and nasalance values obtained with the Nasometer 
(Dalston et al., 1991; Dalston and Seaver, 1992). Other studies, however, have 
reported less encouraging results (Hardin et al., 1992; Nellis et al., 1992; 
Watterson et al., 1993; Nandurkar, 2002). Therefore, some investigators 
concluded that although nasometry may provide meaningful data for some 
patients, it should not be used as a substitute for reliable clinical judgements 
(Seaver et al., 1991; Hardin et al., 1992).
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Blinding
Not all analyses performed in this study were blinded. The transcriptions for FAN 
assessment were made by blinded listeners, and also the listeners in the 
perceptual rating experiments were blinded to the treatment. Inevitably, the 
principal investigators were not blinded since the plate was worn by the child 
during speech recordings and it was thus noticeable for the research team. The 
principal investigators transcribed the pre-lexical data and selected the utterances 
to be used in the perceptual rating experiments. Nevertheless, the risk of a bias 
seems restricted, because when the analyses were performed, the only reference 
to the child was his or her patient number, and that did not include information on 
treatment allocation.
Implications for therapeutic management
Treatment with IO in the first 12 months of life seems a valuable component of the 
comprehensive care for children with cleft lip and palate as far as speech and 
language development are concerned. Speech and language development 
benefit from the treatment in the period until age 3, and these effects may persist 
even longer. In the decision process whether or not to use IO in the treatment of 
babies with UCLP other aspects such as the effects on other variables (general 
aspects, surgery and orthodontics), the possible drawbacks of the treatment, and 
its costs should be taken into account.
So far, the Dutchcleft study did not demonstrate significant longer lasting 
effects of IO on other research variables, viz. general, orthodontic, and surgical 
variables (see Chapter 1 for a summary). The effects of the treatment seem to be 
limited to speech and language development. Interestingly, Huddart (1990) 
already supposed from clinical observations that: “the treatment does have one 
benefit, and that is in relation to speech”. Drawbacks of the treatment, apart from 
the extra costs, were not found in the Dutchcleft study. However, the literature 
indicates that the incidence of dental caries may be increased in children treated 
with IO (Bokhout et al., 1996). Obviously, the costs in the IO group were 
significantly higher than in the non-treated group, but the financial investment 
(difference in mean costs €1,041) seems limited. Furthermore, the additional cost 
of IO treatment may at least partly be outweighed by the costs prevented for 
speech therapy in later years. In the rating experiment described in Chapter 5 the 
panel of speech therapists indicated (blindly) for each patient the necessity of 
speech therapy in the year following the assessment. The mean number of 
sessions needed by the IO group was rated at 34.6, and the non-IO group was
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judged to need 45.8 sessions of speech therapy in the year following the 
assessment (t18= -2.55; p<0.05). The mean cost prevented for speech therapy 
related to this prognosis is €270. Obviously, since the cost for the actual speech 
therapy that the children obtained after the age of 2.5 years were not examined 
yet, this statement remains speculative and additional follow-up of the participants 
in our trial is warranted. However, from the perspective of speech development, 
so far, the cost-effectiveness of IO over non-IO seems acceptable.
In conclusion, IO treatment facilitates speech and language development until 
at least age 3. In the time period of this investigation (age 1 to 3) the IO group 
consistently showed better speech and language development. Furthermore, if 
the size of the effect in our final effect measure (i.e., the total impression of 
speech quality at age 2.5 years) is taken into account, the difference between the 
two groups was considerable. Additionally, because the speech proficiency in 
these children with UCLP is still so much worse than that of their non-cleft peers 
at age 2.5, any progress in speech proficiency is probably valuable since it will 
bring the child with a cleft lip and palate one step closer to normalcy. IO treatment 
therefore may be regarded as a useful component of the treatment of infants with 
UCLP as far as speech and language development is concerned.
From a speech/language point of view, however, a treatment protocol with 
delayed closure of the hard palate, as is inherent to this type of IO treatment, is 
not preferred. Several studies demonstrated that delayed hard palate repair 
results in poor speech with abnormal motor patterns that may become well 
established because of the absence of adequate velopharyngeal function (Witzel 
et al., 1984; O’Gara et al., 1994; Rohrich et al., 1996; Lohmander-Agerskov, 
1998). Speech is said to develop more normally in children with early complete 
palatal closure (Dorf and Curtin, 1982; Harding and Grunwell, 1993; Ysunza et al., 
1998). Dorf and Curtin (1982) suggested that articulation age rather than 
chronological age should be the key factor in timing of palatal surgery. When the 
palate can be closed prior to the onset of phonemic development, it may be 
possible to minimise abnormal speech patterns. Some authors (Kemp-Fincham et 
al., 1990; Ysunza et al., 1998) even advocate that the palate needs to be repaired 
as early as 4 to 6 months of age if good speech and language outcome is the 
primary goal. Most studies that recommend early palatal closure present 
methodological imperfections such as the use of different surgical techniques and 
the involvement of more than one surgeon and therefore do not provide sound 
proof for this statement. Although our study did not look into the effects of surgical 
timing, our results suggest that early complete closure of the palatal cleft may
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improve speech development. Our study showed that speech developed more 
normally in the presence of an IO during the first year of life. If a prosthesis that 
obturates the cleft already improves speech development in children with cleft lip 
and palate, complete closure of the cleft before the onset of phonemic 
development may also be expected to produce favourable effects on speech.
Finally, no matter the treatment protocol and no matter the timing of palatal 
closure, early speech and language monitoring and intervention of children with 
cleft palate is essential. The results from Chapter 7 showed that the use of oral 
plosives and alveolar contoids in babbling at age 1.5 are predictors for better 
speech and language development at the age of 2.5. It is important that for 
children with cleft palate who do not use oral plosives and alveolar contoids in 
babbling, speech and language intervention should start early and focus on 
developing a range of sound contrasts, in order to stimulate normal sound 
development as best as possible.
Suggestions for further research
As was already stated in this discussion, follow-up of the participants of this trial is 
needed to evaluate the long-term effects of IO. A speech and language 
assessment at 6 years of age is currently undertaken. Preliminary results of a 
follow-up assessment of language development at 6 years that are included in 
Chapter 6 showed that there were no long-term effects of IO on language 
development. Information of long-term effects of IO treatment on speech 
development and intelligibility are not yet available, however, a report by Meijer et 
al. (2001) on a subgroup of children from this trial suggests that at age 6, the 
group treated with IO was still more intelligible (measured in a write-down task) 
and had a higher percentage correct consonants on an articulation test. It should 
be noted that methodological imperfections in the above mentioned study 
complicate the interpretation of the results. If in the follow-up for all 54 participants 
the groups are proven to differ in speech proficiency at age 6, this will add to the 
value of IO and will ease the decision on whether or not to use IO in UCLP 
treatment. In that case, even longer follow-up may be necessary. Obviously, it 
should be taken into account that diversion in the treatment of the participants 
over the years will complicate conclusions on the effects of IO treatment that was 
applied in the first year of life.
Other suggestions for further research were also already mentioned in the 
previous section. The first is related to the timing of palatal surgery. Delayed 
closure of the hard palate is still common practice in cleft palate centres especially in
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Europe because of fear that early palatal surgery may adversely affect maxillo-facial 
growth. The benefits of delayed hard palate closure on midfacial growth have long 
remained somewhat questionable (Kemp-Fincham et al., 1990), but a recent 
study by Friede and Enemark (2001) showed favourable midfacial growth in the 
delayed hard palate repair group. In that study, speech impairment in the delayed 
hard palate repair group did not differ from the control group. This does not imply 
that the participants had normal speech, since the study compared two treatment 
regimes that both seem not very favourable for speech development. To address 
the effects of surgical timing and techniques on speech and language 
development, arch form and facial growth, controlled clinical trials are needed. 
Fortunately, recently, the Scandcleft project, a randomised controlled clinical trial 
which compares four different protocols for primary surgery in children with 
unilateral cleft lip and palate has started (Scandcleft, 1999).
Finally, in the Netherlands, early speech and language intervention in children 
with cleft palate is not common practice. Early speech and language intervention, 
however, has the potential to improve the quality of care given to children with 
cleft lip and palate and to bring the child one step closer to normalcy. The 
literature, therefore, encourages early speech and language intervention since it 
may avoid more direct and perhaps less effective therapy at a later age when the 
phonological system is more firmly established and therefore less susceptible for 
therapy (Harding and Grunwell, 1993). This intervention should focus on practical 
instructions to the parents how to enrich and stimulate the phonetic repertoire of 
their infant’s babbling. Furthermore potential consonants that might appear in 
babble but disappear with phonological development may be sustained through 
early speech intervention (O’Gara and Logemann, 1990; Harding and Grunwell, 
1993). It is my recommendation that a program for early speech and language 
development is developed and tested on effectiveness and efficiency, in order to 
improve the quality of care given to children with a cleft lip and palate.
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Summary
This thesis describes an investigation into the effects of infant orthopaedics (IO) 
on the speech and language development in children with complete unilateral 
cleft lip and palate (UCLP). The study was performed within the framework of the 
three-centre prospective randomised clinical trial Dutchcleft. Chapter 1 is a 
general introduction to the thesis. It describes the controversy regarding the 
relevance of intra-oral infant orthopaedics, a treatment that is used throughout the 
world in managing babies with cleft lip and palate. Proponents of IO believe that it 
enhances feeding, narrows the cleft, results in better facial aesthetics, and leads 
to better speech development. Opponents state that the treatment is expensive, 
inhibits maxillary growth, and increases the incidence of dental caries. Most of 
these statements are based on case reports, clinical observation, intuition, and 
personal preference. In order to provide the discussion on the value of IO with 
sound, scientifically based arguments, the Dutchcleft study started in 1993. It 
comprises four research areas: (1) general aspects, (2) surgical and orthodontic 
aspects, (3) speech and language development, and (4) a cost-effectiveness 
analysis.
A total number of 54 children with complete UCLP participated in the trial. At 
trial entrance, which was within two weeks after birth, the babies were assigned to 
one of two groups by means of a computerised allocation procedure. One group 
(n=27) received IO in the first 12 months of life (IO group), and the other group 
(n=27) was not treated with IO (non-IO group). The IO group received a passive 
maxillary orthopaedic appliance that was made of compound soft and hard acrylic. 
Parents were instructed to have their baby wear the appliance 24 hours a day, 
removing it only for cleaning. Every six weeks, the appliance was adjusted by 
grinding to guide the maxillary segments into the right position. In all babies 
included in the trial, the lip was closed surgically according to the Millard 
technique at 18 weeks of age. The palate was closed in two stages, with soft 
palate repair (modified Von Langenbeck procedure) at 12 months of age. Hard 
palate closure is delayed until approximately nine years of age. After surgical 
closure of the soft palate, the appliance was no longer used.
The evaluation of the effects of IO on speech and language development was 
planned as a three-year project funded by the Dutch National Health Service 
Board. The speech and language evaluation started at age one and continued at 
6-month intervals until age 3. Due to a lengthy inclusion period, only part of the 
children participating in the full trial could be included in the speech and language 
assessment.
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The first speech evaluation started just before soft palate closure at the age of 
12 months, when the appliance was still in situ in the IO group. At that age, all 
children were using pre-lexical utterances predominantly. Chapter 2 focuses on 
the effects of IO on pre-lexical development at age 1 and 1.5. It was hypothesised 
that during the application of IO, the child would be able to develop more normal 
sensori-motor patterns in babbling, because the appliance creates an artificial 
alveolar ridge and covers the cleft in the hard palate. Consequently, we expected 
to find an enhanced use of alveolar sounds and high pressure sounds in babbling 
of IO babies. The development of pre-lexical sound play was assessed by means 
of a classification system which is based on the infant’s speech production 
capacities. The system classifies vocalisations for phonation and articulatory 
movement. In addition to this classification, consonant-like elements (contoids) 
were analysed for place and manner of articulation by two trained listeners. No 
differences were found in the vocalisations of the two groups as far as phonatory 
characteristics and articulatory movement were concerned. The assessment of 
contoid usage showed that, at the age of 1, babies in the IO group used 
statistically significant more alveolar contoid sounds in their babbling than the 
non-IO babies. In normal speech development, alveolar sounds are predominant 
at this age. So, compared to the non-IO group, the IO children used a phonetic 
repertoire that was closer to normal than the non-IO children at age one. At 1.5 
years of age, when the IO group did no longer use the orthopaedic appliance, 
there were no apparent differences in characteristics of babbling between the two 
groups. This seemed to suggest that the effects of IO were temporary and 
present only during the period in which the IO is applied.
In Chapter 3, the phonological development of the groups between age 2 and 
3 was described. Since the babbling period is demonstrated to be related to the 
development of later speech, a beneficial effect of IO treatment in the pre-lexical 
period may also influence the phonological development in meaningful speech. In 
this light, it was hypothesised that the better opportunities to practice and 
establish normal speech motor patterns in the IO group would result in a 
phonological development that is closer to normal than when treated without IO. 
The phonological skills of the children were analysed by means of a system for 
the assessment of phonological development of Dutch children (Fonologische 
Analyse van het Nederlands: FAN). FAN is based on non-linear phonology and 
makes use of hierarchical relations between phonological features. It also 
accounts for the order in which children usually acquire the system of contrastive 
features. The phonological analysis in this thesis included the number of acquired
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consonants, order of phonological development, use of phonological processes, 
and occurrence of nasal escape. No differences were found between the groups 
in the use of phonological processes at either age. Furthermore, the groups did 
not differ in the order of phonological development at age 2. At 2.5 years of age, 
however, the order of phonological development of most IO children was normal 
or delayed, whereas most non-IO children followed an abnormal developmental 
pattern. At 3 years of age, the IO group had acquired more initial consonants than 
the non-IO group. In conclusion, the children who were treated with IO during 
their first year of life followed a more normal path of phonological development 
between 2 and 3 years of age.
At the age of 2.5, the speech of the two cleft lip and palate groups (IO, n=10; 
non-IO, n=10), and the speech of a non-cleft control group (n=8) was evaluated in 
two perceptual evaluations. Chapter 4 describes an experiment with 16 lay 
listeners who blindly assessed speech intelligibility. Intelligibility is an important 
characteristic of speech that reflects the effectiveness of communication. The 
development of less deviant sensori-motor patterns for speech in the pre-lexical 
period, and the more normal phonological development in meaningful speech 
may lead to better intelligibility in the children who were treated with IO. In order 
to test this hypothesis, the listeners first performed a write-down task, in which 
they indicated in normal spelling what they had understood of the utterance. After 
the transcription of the sample, the listeners rated the intelligibility of the speech 
sample on a ten-point equal-appearing-interval (EAI) scale. From the write-down 
task, the percentage of words correctly understood was calculated. Before the 
ratings of intelligibility were used in the analysis, their reliability was assessed 
first. Both the intra- and interrater reliability were very high. Statistical analysis 
showed that the ratings in this experiment did not correlate perfectly with the 
percentage of words correctly understood. This was manifest in the results: the IO 
group obtained higher intelligibility ratings when compared to the non-IO group, 
however, this was not reflected in a better write-down score for this group. In the 
write-down task, the listeners did not better understand the speech of the IO 
children. In this chapter, the intelligibility ratings for both cleft groups were also 
compared to the ratings obtained by the control group of non-cleft peers. It 
appeared that the difference in judged intelligibility between the IO and non-IO 
group was not statistically significant when tested against the non-cleft control 
group. Therefore, it is not clear whether IO actually improved the intelligibility of 
the speech.
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The second experiment that was carried out to assess the speech at age 2.5 
was a more comprehensive perceptual evaluation with a panel of five expert 
listeners (see Chapter 5). In this experiment too, the speech of the two cleft 
groups (IO, n=10; non-IO, n=10) was compared to a non-cleft control group (n=8) 
of the same age. It was expected that treatment with IO would positively influence 
speech quality because IO facilitates the development of more normal speech 
patterns. In order to assess all relevant characteristics of cleft palate speech, the 
panel of expert listeners blindly judged 13 specific speech aspects on seven-point 
EAI scales. Furthermore, they indicated their total impression of the children’s 
speech quality on a ten-point scale. Finally, they rated the number of speech 
therapy sessions that in their opinion were needed in the year following the 
assessment. The intra- and interrater reliability was good for 12 of the rating 
scales. Three scales: ‘fronting’, ‘nasal snort’, and ‘nasal realisation’ were excluded 
from analysis because of low intra- or interrater reliability. Statistically significant 
differences between the non-cleft group and the cleft groups were present on all 
12 scales except for the characteristics ‘palatalisation’ and ‘lateralisation’. These 
speech characteristics were equally present in all three groups. All other speech 
errors were scored as being most distinct in the two groups with cleft. The non­
cleft children’s speech obtained the highest scores for ‘intelligibility’ and 
‘correctness of articulation’. There was only one speech aspect that distinguished 
the IO group from the non-IO group, i.e., the scale ‘intelligibility’. The IO group 
obtained significantly higher intelligibility ratings than the non-IO group, indicating 
that the intelligibility of the speech in the IO group was judged to be superior by the 
expert listeners. Similar results were presented in Chapter 4, in which the IO children 
also obtained higher ratings for their speech intelligibility scored by lay listeners.
Chapter 6 focuses on the language development. Speech and language 
development are closely inter-related, and children with better speech may 
develop language skills more easily through mediation of more adequate 
feedback. Therefore, language development was hypothesised to benefit from IO 
treatment. At the age of 2, 2.5, and 3 years language development was evaluated 
in 12 children (6 IO and 6 non-IO). Eleven of these children (6 IO and 5 non-IO) 
were also assessed in a follow-up at age 6. Receptive language skills were 
assessed by means of the Dutch version of the Reynell Developmental Language 
Scales. Expressive language skills of the toddlers were evaluated by calculating 
mean length of utterance (MLU) and mean length of longest utterances (MLLU). 
In the 6-year-olds the expressive language skills were measured by means of 
standardised Dutch language tests (Taaltests voor Kinderen and Schlichting test).
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The results showed no differences in receptive language skills between the IO 
and non-IO group. The expressive language measures MLU and MLLU, however, 
were influenced by IO treatment. At age 2.5 and 3 years, the children who were 
treated with IO in their first year of life produced statistically significant longer 
utterances than the non-IO group. In the follow-up at 6 years, the difference in 
expressive language between the two groups was no longer significant. Hence, in 
this relatively small group, IO treatment did not prove to have long lasting effects 
on language development.
The next chapter (Chapter 7) discusses the relationship between phonetic 
characteristics in the pre-lexical period and development of speech and language 
at age 2.5 years in the light of IO treatment. Such a relationship may have 
important implications for therapeutic management and speech intervention, and 
it may help to understand the effects of IO on speech and language development. 
In this evaluation only the two groups of children with UCLP were involved. 
Phonetic characteristics that were included as predictors were the use of alveolar 
contoids and oral plosives in babbling at age 1 and 1.5. Outcome variables were 
measured at 2.5 years and comprised two aspects of phonological development 
(i.e., the number of acquired consonants and the complexity of the phonological 
system of contrasts), expert judgements on four rating scales (i.e., intelligibility, 
palatalisation, lateralisation, and backing), and the mean length of utterance 
(MLU). The results indicated that a higher use of oral plosives in babbling of 1.5- 
year-old children with UCLP was associated with better intelligibility and higher 
MLU at age 2.5. Furthermore, a higher occurrence of alveolar contoids in 
babbling at age 1.5 predicted less compensatory articulation (i.e., less 
palatalisation, less lateralisation, and less backing) in speech at age 2.5. It could 
not be established in this investigation whether the correlation between alveolar 
contoids in babbling at age 1.5 and less compensatory articulation at age 2.5 was 
directly related to treatment with the infant orthopaedic.
Subsequently, in Chapter 8 the cost-effectiveness analysis of IO treatment 
compared to no such treatment focusing on the speech of the children at the age 
of 2.5 years is described. The measure for effectiveness on speech was the ‘total 
impression of speech quality’ rated by the panel of expert listeners (see Chapter 
5). There was a statistically significant beneficial effect of IO on this effect 
measure. Since a statistically significant difference may not be synonymous with 
a clinically important change, the clinical importance was determined by 
calculating the magnitude or the size of the effect produced by the intervention. 
The effect size in this investigation showed that the effect of IO on the ‘total
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impression of speech quality’ was large, indicating that the improvement may be 
considered as a clinically important change. Obviously, the costs for treatment by 
the orthodontist in the IO group were significantly higher than in the non-IO group. 
For both groups the mean cost were related to the mean rating for ‘total 
impression of speech quality’. The resulting cost-effectiveness for IO compared to 
non-IO was €1,041 for 1.34 point speech quality improvement. Relative to the 
costs that are spent on the comprehensive treatment of children with cleft lip and 
palate, the financial investment that is necessary to obtain this improvement 
seems limited. Moreover, since it is plausible that children in the IO group would 
need less intensive speech therapy, part of the costs for IO treatment may be 
outweighed by costs prevented for speech therapy in later years. Thus it was 
concluded that from the perspective of speech development the cost- 
effectiveness of IO over non-IO seems acceptable.
Finally, in Chapter 9, the general discussion, additional methodological 
considerations are given regarding the evaluation of speech and language in this 
study. It describes a number of difficulties related to the lack of standardised 
measuring instruments in the study of speech pathology. Subsequently, 
implications for therapeutic management are indicated. This section concludes 
with the statement that IO treatment may be regarded as a useful component of 
the treatment of infants with unilateral cleft lip and palate, as far as speech and 
language development is concerned. The general discussion ends with 
suggestions for further research.
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Samenvatting
Dit proefschrift beschrijft een onderzoek naar de effecten van kaakorthopedische 
behandeling (infant orthopaedics, afgekort IO) op de spraak- en taalontwikkeling 
van kinderen met een complete enkelzijdige lip-, kaak-, en gehemeltespleet 
(schisis). Deze studie is uitgevoerd in het kader van een prospectief 
gerandomiseerd klinisch onderzoek, genaamd ‘Dutchcleft’, dat wordt uitgevoerd 
in een samenwerkingsverband van de schisisteams van de Universiteit van 
Nijmegen, Amsterdam en Rotterdam. Hoofdstuk 1 is een algemene inleiding, 
waarin de controverse ten aanzien van IO behandeling (behandeling met een 
gehemelteplaatje) wordt beschreven. Wereldwijd worden kinderen met een 
schisis behandeld met een gehemelteplaatje, maar de effecten hiervan zijn nooit 
in een klinisch wetenschappelijke studie onderzocht. Voorstanders geloven dat 
behandeling met een gehemelteplaatje het voeden van de baby vergemakkelijkt, 
de spleet in de kaak en het gehemelte sneller smaller maakt, betere esthetische 
resultaten geeft en tot een betere spraakontwikkeling leidt. Tegenstanders 
beweren dat IO behandeling duur is, de groei van de bovenkaak remt en de kans 
op cariës vergroot. De meeste van deze beweringen zijn gebaseerd op klinische 
observatie, intuïtie en persoonlijke voorkeur. De Dutchcleft studie startte in 1993, 
om de discussie over de waarde van kaakorthopedische behandeling te kunnen 
ondersteunen met argumenten die gebaseerd zijn op wetenschappelijk 
onderzoek. Vier onderzoeksaspecten maken deel uit van de Dutchcleft studie: (1) 
algemene aspecten, (2) chirurgische en orthodontische aspecten, (3) spraak- en 
taalontwikkeling en (4) kosten-effectiviteits analyse.
In totaal deden 54 kinderen met een complete enkelzijdige lip-, kaak-, en 
gehemeltespleet mee aan het onderzoek. Binnen twee weken na de geboorte 
werden de baby’s toegewezen aan een van de twee onderzoeksgroepen met 
behulp van de computer. Een groep (IO, n=27) kreeg kaakorthopedische 
behandeling in het eerste levensjaar, de andere groep (non-IO, n=27) werd niet 
behandeld met een gehemelteplaatje. De kaakorthopedische behandeling 
bestond uit een zogenaamd passieve behandeling met een gehemelteplaat die 
gemaakt was van een combinatie van harde en weekblijvende kunsthars. De 
baby moest het plaatje dag en nacht in de mond dragen. Het gehemelteplaatje 
werd om de zes weken bijgeslepen door de orthodontist om de delen van de 
bovenkaak in de juiste positie te geleiden. Bij alle baby’s die meededen aan het 
onderzoek werd de lip door de chirurg gesloten op de leeftijd van 18 weken met 
behulp van de Millard techniek. Het gehemelte wordt bij deze behandelmethode 
gesloten in twee fasen: het achterste, zachte gedeelte van het gehemelte wordt 
gesloten op de leeftijd van 12 maanden (met een gemodificeerde Von
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Langenbeck procedure); het voorste, harde gedeelte van het gehemelte blijft 
open tot het kind ongeveer negen jaar is. Nadat het zachte gehemelte gesloten is, 
wordt het gehemelteplaatje niet meer gebruikt.
De evaluatie van de effecten van een gehemelteplaatje op de spraak- 
taalontwikkeling was een driejarig project dat gefinancierd werd door de 
toenmalige Ziekenfondsraad. Het spraak- en taal onderzoek startte bij de leeftijd 
van 1 jaar en liep met halfjaarlijkse intervallen door tot de leeftijd van 3 jaar. 
Aangezien de inclusie van alle 54 kinderen die nodig waren voor het onderzoek, 
een zeer lange periode in beslag nam, kon slechts een deel van hen meedoen 
aan het drie jaar durende spraak- en taalonderzoek.
De eerste meting van de spraakontwikkeling vond plaats op de leeftijd van 12 
maanden, net voor chirurgische sluiting van het zachte gehemelte. De kinderen 
die kaakorthopedische behandeling kregen, gebruikten het gehemelteplaatje op 
deze leeftijd nog. Alle kinderen produceerden op deze leeftijd voornamelijk 
prelexicale (brabbel) uitingen. In hoofdstuk 2 worden de effecten van 
kaakorthopedische behandeling op de prelexicale ontwikkeling op 1 en 1,5 jarige 
leeftijd beschreven. De ontwikkeling van het brabbelen werd in kaart gebracht 
met behulp van een classificatiesysteem dat gebaseerd is op het zich 
ontwikkelende spraakproductiesysteem van de baby. De uitingen van de baby 
kunnen met het classificatiesysteem ingedeeld worden naar type fonatie en 
articulatorische ontwikkeling. In aanvulling op deze classificatie werden mede­
klinkerachtige elementen in de uitingen door twee getrainde luisteraars ingedeeld 
naar plaats en manier van articulatie. De analyse met het classificatiesysteem 
voor prelexicale uitingen leverde geen verschillen op tussen de twee groepen. De 
analyse van de medeklinkerachtige klanken liet zien dat de baby’s die een 
gehemelteplaatje hadden op eenjarige leeftijd statistisch significant meer 
alveolaire klanken gebruikten dan de kinderen uit de onbehandelde groep. In de 
normale spraakontwikkeling komen alveolaire klanken op deze leeftijd in het 
brabbelen veelvuldig voor. De baby’s met gehemelteplaatje gebruikten dus een 
klankrepertoire dat dichter bij de normale spraakontwikkeling lag dan het 
klankrepertoire van de kinderen die zonder gehemelteplaatje behandeld werden. 
Op de leeftijd van 1,5 jaar, toen de kinderen uit de IO groep het gehemelteplaatje 
niet langer meer droegen, waren er geen aantoonbare verschillen tussen de twee 
groepen. Dit suggereert dat de effecten van IO slechts tijdelijk waren en alleen 
aantoonbaar in de 12 maanden dat het gehemelteplaatje daadwerkelijk gedragen 
wordt.
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In hoofdstuk 3 wordt de fonologische ontwikkeling van de groepen tussen de 
leeftijd van 2 en 3 jaar beschreven. Aangezien de brabbelfase van belang wordt 
geacht voor de latere spraakontwikkeling, is het mogelijk dat een gunstig effect 
van het gehemelteplaatje in de prelexicale fase ook de verdere fonologische 
ontwikkeling in betekenisvolle spraak gunstig beïnvloedt. Vanuit deze gedachte 
werd verondersteld dat de betere mogelijkheden die de IO groep heeft om 
normale spraakmotorische patronen te oefenen en in te slijpen, resulteert in een 
meer normale fonologische ontwikkeling in deze groep. De fonologische 
ontwikkeling van de kinderen werd geanalyseerd met behulp van FAN 
(Fonologische Analyse van het Nederlands), speciaal ontwikkeld voor het in kaart 
brengen van de fonologische ontwikkeling van Nederlands lerende kinderen. FAN 
is gebaseerd op niet-lineaire fonologische theorieën betreffende de hiërarchische 
relaties tussen fonologische kenmerken en beschrijft onder andere de volgorde 
waarin kinderen normaliter het systeem van contrastieve kenmerken verwerven. 
De fonologische analyse in dit proefschrift omvatte (1) een inventarisatie van het 
aantal verworven medeklinkers, (2) een analyse van de volgorde waarin 
contrastieve kenmerken verworven werden en (3) het optreden van fonologische 
processen en het vóórkomen van nasale emissie. Op geen van de gemeten 
tijdstippen waren er meetbare verschillen tussen de groepen in het gebruik van 
fonologische processen. Op de leeftijd van 2 jaar was er ook geen verschil in de 
volgorde van de fonologische ontwikkeling tussen de groepen. Echter, op 2,5 
jarige leeftijd volgden de meeste kinderen uit de IO groep een normaal of 
vertraagd fonologisch ontwikkelingspatroon, terwijl de meeste non-IO kinderen 
een abnormale fonologische ontwikkeling hadden. Bovendien hadden de 
kinderen in de IO groep op de leeftijd van 3 jaar meer initiële medeklinkers 
verworven dan de non-IO kinderen. Dit betekent dat de kinderen die in hun eerste 
levensjaar behandeld werden met een gehemelteplaatje een meer normaal 
fonologisch ontwikkelingspatroon volgden tussen de leeftijd van 2 en 3 dan de 
kinderen die geen gehemelteplaatje kregen.
Op de leeftijd van 2,5 werd de spraak van de twee groepen met een schisis 
(IO, n=10; non-IO, n=10) en de spraak van een controle groep zonder schisis 
(n=8) beoordeeld in twee geblindeerde perceptuele beoordelingsexperimenten. 
Hoofdstuk 4 beschrijft een experiment waarin 16 ongetrainde luisteraars de 
verstaanbaarheid van de spraak beoordeelden. Verstaanbaarheid is een 
belangrijk spraakaspect dat de effectiviteit van de communicatie weergeeft. Het is 
mogelijk dat de ontwikkeling van minder afwijkende sensomotorische 
spraakpatronen in de prelexicale periode, en de meer normale latere fonologische
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ontwikkeling van kinderen die behandeld werden met een gehemelteplaatje tot 
een betere spraakverstaanbaarheid leiden. Om deze hypothese te testen kregen 
de luisteraars twee taken: eerst schreven ze in normale spelling van elke uiting 
woordelijk op wat ze verstaan hadden. Na deze transcriptie van het 
spraakfragment beoordeelden ze de verstaanbaarheid van het kind op een tien- 
punts intervalschaal. Uit de transcriptie werd het percentage woorden dat correct 
verstaan was berekend. Voordat de oordelingen over de verstaanbaarheid 
gebruikt konden worden in de statistische analyse werd eerst de betrouwbaarheid 
van de oordelen berekend. Zowel de intra- als de interbeoordelaars- 
betrouwbaarheid was erg hoog. Statistische analyse liet zien dat de oordelen in 
dit experiment niet perfect correleerden met het percentage woorden dat correct 
was verstaan. Dit kwam ook tot uiting in de verdere resultaten: de IO groep kreeg 
wel een hogere beoordeling voor verstaanbaarheid dan de non-IO groep, maar in 
de transcriptietaak werd de spraak van de IO kinderen niet vaker goed verstaan 
dan de spraak van de non-IO kinderen. In dit hoofdstuk werd de verstaanbaarheid 
van de spraak van de schisiskinderen werd ook vergeleken met de controle groep 
leeftijdsgenootjes zonder schisis. De twee schisisgroepen verschillen dan niet 
meer statistisch significant van elkaar wat de beoordeling voor de 
verstaanbaarheid betreft. Derhalve is het niet duidelijk of behandeling met IO 
daadwerkelijk de verstaanbaarheid van de spraak beïnvloedt.
Het tweede beoordelingsexperiment dat werd uitgevoerd om de spraak van de 
2,5 jarigen te beoordelen was een uitgebreid beoordelingsexperiment met een 
panel van vijf getrainde luisteraars (hoofdstuk 5). In dit experiment werd 
eveneens de spraak van de twee schisisgroepen (IO, n=10; non-IO, n=10) 
vergeleken met de spraak van een controle groep zonder schisis (n=8). Verwacht 
werd dat behandeling met een gehemelteplaatje de spraakkwaliteit positief zou 
beïnvloeden, omdat gebleken is dat het gehemelteplaatje de ontwikkeling van 
meer normale articulatiepatronen bevordert. Om alle relevante kenmerken van 
schisisspraak te kunnen meten, gaven de luisteraars geblindeerd hun oordeel 
over 13 specifieke spraakaspecten op zeven-punt intervalschalen. Tevens gaven 
zij een rapportcijfer voor de totale indruk van de spraak op een tien-punt schaal. 
Als laatste gaven zij een schatting van het aantal logopedische behandelingen 
dat de kinderen naar hun mening nodig zouden hebben in het jaar volgend op de 
beoordeling. Voor 12 van de schalen waren zowel de intra- als de inter­
beoordelaars betrouwbaarheid goed. Drie schalen, te weten ‘fronting’, ‘nasale 
snurk’ en ‘nasale realisatie’ werden van verdere analyse uitgesloten vanwege 
onvoldoende betrouwbaarheid. Op alle schalen, behalve de schalen ‘palatalisatie’
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en ‘lateralisatie’ waren er statistisch significante verschillen tussen de controle 
groep zonder schisis en de twee schisisgroepen. De kenmerken ‘palatalisatie’ en 
‘lateralisatie’ bleken in gelijke mate beoordeeld te zijn in de drie groepen. Alle 
andere spraakafwijkingen waren volgens de beoordelaars het meest aanwezig in 
de schisisgroep. De kinderen zonder schisis kregen de beste beoordeling voor 
‘verstaanbaarheid’ en ‘correcte articulatie’. Er was slechts één aspect waarin de 
IO en de non-IO groep statistisch significant van elkaar verschilden: namelijk de 
verstaanbaarheid. De verstaanbaarheid van de spraak in de IO groep werd als 
significant beter beoordeeld dan de verstaanbaarheid van de non-IO groep. 
Vergelijkbare resultaten werden beschreven in hoofdstuk 4, waarin de IO 
kinderen van ongetrainde luisteraars ook een betere beoordeling kregen voor hun 
verstaanbaarheid.
Hoofdstuk 6 beschrijft de taalontwikkeling van de kinderen uit het onderzoek. 
De taalontwikkeling is zeer nauw verweven met de spraakontwikkeling. Het is 
aannemelijk dat kinderen met een betere spraak ook een betere taalontwikkeling 
doormaken omdat zij meer adequate feedback van hun omgeving krijgen. 
Derhalve werd in dit proefschrift verondersteld dat ook de taalontwikkeling gunstig 
beïnvloed wordt door behandeling met een gehemelteplaatje. De taalontwikkeling 
werd geëvalueerd in 12 kinderen (6 IO en 6 non-IO) op de leeftijd van 2, 2,5 en 3 
jaar. Elf van deze kinderen (6 IO en 5 non-IO) deden ook mee aan een vervolg 
onderzoek op de leeftijd van 6 jaar. De receptieve taalontwikkeling (het 
taalbegrip) werd getest met behulp van de Nederlands versie van de Reynell 
Taalontwikkelingsschalen. De expressieve taalontwikkeling van de peuters werd 
geëvalueerd door de gemiddelde uitingslengte (gemeten in woorden) en de 
gemiddelde lengte van de tien langste uitingen te berekenen. Bij de zesjarigen 
werd de expressieve taalontwikkeling gemeten met behulp van 
gestandaardiseerde testen voor de Nederlandse taal (Taaltest voor Kinderen en 
de Schlichting test). De resultaten lieten geen verschillen zien in taalbegrip tussen 
de IO en non-IO groep op peuterleeftijd. De expressieve taalmaten van de 
peuters (gemiddelde uitingslengte en de gemiddelde lengte van de tien langste 
uitingen) werden echter wel beïnvloed door behandeling met het 
gehemelteplaatje. Op de leeftijd van 2,5 en 3 jaar maakten de kinderen die 
behandeld waren met een gehemelteplaatje statistisch significant langere uitingen 
dan de kinderen die geen gehemelteplaatje gehad hadden. In de meting op 6 
jarige leeftijd werd er niet langer een verschil gevonden in de expressieve 
taalvaardigheden van de twee groepen. In deze relatief kleine patiëntengroep
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werd derhalve niet aangetoond dat behandeling met het gehemelteplaatje 
langdurende effecten op de taalontwikkeling had.
Het volgende hoofdstuk (hoofdstuk 7) gaat over de relatie tussen fonetische 
kenmerken van het brabbelen en de ontwikkeling van spraak en taal op de leeftijd 
van 2,5 jaar en de rol van behandeling met een gehemelteplaatje daarbij. Een 
dergelijk relatie kan belangrijke gevolgen hebben voor zowel de inhoud als de 
timing van logopedische interventie, en het kan bijdragen aan een beter begrip 
van de gunstige werking van IO behandeling op de spraak- taalontwikkeling. De 
evaluatie in dit hoofdstuk had alleen betrekking op de twee groepen kinderen met 
een schisis. Twee fonetische karakteristieken van het brabbelen, te weten het 
percentage alveolaire klanken en het percentage orale plosieven op de leeftijd 
van 1 en 1,5 jaar, werden gekozen als de predictorvariabelen in de analyse. Deze 
predictorvariabelen werden gerelateerd aan zeven uitkomstvariabelen gemeten 
op de leeftijd van 2,5 jaar. Dit waren perceptieve oordelen op de schalen (1) 
verstaanbaarheid, (2) palatalisatie, (3) lateralisatie en (4) retractie, en de 
taalvariabelen: (5) het aantal verworven medeklinkers, (6) de graad van 
complexiteit van het fonologisch contrastief systeem en (7) de gemiddelde 
uitingslengte. De resultaten lieten zien dat een hoger percentage orale plosieven 
in het brabbelen op 1,5 jaar correleerde met een hogere beoordeling voor de 
verstaanbaarheid en een langere uitingslengte op 2,5 jarige leeftijd. Een hoger 
percentage alveolaire klanken in het brabbelen van kinderen van 1,5 jaar 
voorspelde minder compensatoire articulatie (dat wil zeggen minder palatalisatie, 
lateralisatie en retractie) in de spraak op 2,5 jaar. Helaas kon in dit onderzoek niet 
worden vastgesteld of de correlatie tussen het gebruik van alveolaire klanken in 
het brabbelen van 1,5-jarigen en minder compensatoire articulatie op 2,5 jaar 
direct gerelateerd was aan behandeling met een gehemelteplaatje in het eerste 
levensjaar.
Hoofdstuk 8 beschrijft vervolgens de kosten-effectiviteits analyse die in dit 
onderzoek werd uitgevoerd. In deze analyse werden de kosten van behandeling 
met IO en de effecten hiervan op de spraak van 2,5 jarige kinderen vergeleken 
met de kosten en de spraakresultaten van behandeling zonder IO. De effectmaat 
waarmee de spraakresultaten gemeten werden was een ‘rapportcijfer’ voor de 
algemene indruk van de spraak. Dit ‘rapportcijfer’ werd door vijf getrainde 
luisteraars gegeven op een tien-punt schaal in het beoordelingsexperiment dat 
beschreven staat in hoofdstuk 5. Er was een statistisch significant gunstig effect 
van behandeling met een gehemelteplaatje op deze effectmaat. Echter, een 
statistische significant effect betekent nog niet dat de vooruitgang ook klinisch
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relevant is. Klinische relevantie kan aangegeven worden door de grootte van het 
effect te berekenen met een maat voor ‘effect size’. Deze berekening liet zien dat 
het effect van behandeling met een gehemelteplaatje op het rapportcijfer voor de 
spraak groot was, hetgeen aangeeft dat het effect als een klinisch relevante 
verbetering gezien mag worden. Vanzelfsprekend waren de kosten voor 
behandeling door de orthodontist (dat is de specialist die de behandeling met het 
gehemelteplaatje uitvoert) in de IO groep hoger dan in de non-IO groep. Voor 
beide groepen werden de gemiddelde kosten gerelateerd aan het gemiddelde 
rapportcijfer voor de spraak. De resulterende kosten-effectiviteit voor IO 
behandeling in vergelijking met non-IO behandeling bedroeg €1.041 voor 1,34 
punt verbetering van de spraakscore. Vergeleken met de totale kosten die 
uitgegeven worden aan de behandeling van kinderen met een schisis is deze 
financiële investering beperkt. Het is bovendien zeer wel denkbaar dat kinderen 
uit de IO groep minder intensieve logopedische begeleiding nodig hebben. Een 
deel van de kosten voor behandeling met een gehemelteplaatje wordt dus 
mogelijk later weer terug verdiend door minder hoge kosten voor logopedie. 
Derhalve werd geconcludeerd dat de kosten-effectiviteit van IO behandeling 
vergeleken met non-IO behandeling acceptabel is vanuit het gezichtspunt van de 
spraakontwikkeling.
Tot slot, volgt in hoofdstuk 9 een algemene discussie over het spraak- 
taalonderzoek. Een aantal moeilijkheden met betrekking tot het meten van 
spraak- en taalvariabelen wordt beschreven en er wordt ingegaan op het 
ontbreken van gestandaardiseerde meetinstrumenten in het vakgebied van de 
spraakpathologie. Vervolgens worden de consequenties van dit onderzoek voor 
de behandeling van schisiskinderen aangegeven. Ten slotte wordt geconcludeerd 
dat wat de spraak-taalontwikkeling betreft, behandeling met een gehemelteplaatje 
in het eerste levensjaar een zinvol onderdeel is van de behandeling van kinderen 
met een unilaterale lip-, kaak-, en gehemeltespleet. De algemene discussie wordt 
besloten met suggesties voor verder onderzoek.
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Phonemes that were targeted in toys:
initial consonants target word(s)
/p/ poes (pussy); paard (horse); papa (daddy)
/t/ tas (bag); telefoon (telephone)
/k/ kam (comb); koe (cow); koek (cooky)
/b/ beer (bear); baby (baby); bal (ball)
/d/ dag (bye); doos (box); daar (there)
/m/ mama (mommy); mooi (nice); mes (knife)
/n/ nee (no); neus (nose)
/w/ weg (gone); wassen (to wash)
/j/ jas (coat); ja (yes)
/l/ lekker (good); lamp (lamp)
/f/ fiets (bike)
/s/ sok (anklet)
/v/ vis (fish); varken (pig)
final consonants target word(s)
/p/ aap (monkey); op (finished); pop (doll)
/t/ bad (bath); boot (boat)
/k/ sok (anklet); koek (cooky); boek (book)
/m/ boom (tree); kam (comb); bloem (flower)
/n/ schoen (shoe); banaan (banana)
/l/ bal (ball); appel (apple)
/f/ woef (woof)
/s/ huis (house); vis (fish); neus (nose)
/x/ weg (gone); dag (bye)
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An example of the scoring sheet that was used in this experiment (translated into 
English). The transcription of the child’s speech is in Dutch.
SPEECH FRAGMENT 
ook staan
ook een paardje lachen 
poesje
nou stout hondje 
vis
water
bak
auto
ja huisje op het poesje
melk
baby
haren recht 
schoenen wel 
daar 
bal
not intelligible 0 1 2 3 4 5 6 intelligible
no correct articulation 0 1 2 3 4 5 6 correct articulation
normal nasal resonance 0 1 2 3 4 5 6 severe hypernasal resonance
no nasal emission 0 1 2 3 4 5 6 severe nasal emission
no nasal fricatives 0 1 2 3 4 5 6 many nasal fricatives
no nasal snorts 0 1 2 3 4 5 6 many nasal snorts
no nasal realisation 0 1 2 3 4 5 6 severe nasal realisation
no backing 0 1 2 3 4 5 6 severe backing
no fronting 0 1 2 3 4 5 6 severe fronting
no palatalisation 0 1 2 3 4 5 6 severe palatalisation
no lateralisation 0 1 2 3 4 5 6 severe lateralisation
no glottal articulation 0 1 2 3 4 5 6 severe glottal articulation
no hyperkinetic voice 0 1 2 3 4 5 6 very hyperkinetic voice
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SPEECH FRAGMENT 
ook staan
ook een paardje lachen 
poesje
nou stout hondje 
vis
water
bak
auto
ja huisje op het poesje
melk
baby
haren recht 
schoenen wel 
daar 
bal
1.Total impression of speech quality:
1 2 3 4 5 6 7 8 9 10
2. Need for speech therapy in the year following this assessment
Speech therapy is:
(a) not required
(b) recommended: 12 sessions; 24 sessions; 36 sessions; 48 sessions
186
Appendix. Overview of the participants in the analyses at the different ages.
T reatment Gender Pre-lexical 
analysis 
1 year
Pre-lexical 
analysis 
1.5 years
FAN 
2 years
FAN
2.5 years
FAN 
3 years
Intelligibility 
2.5 years
Perceptual 
evaluation of 
speech
Language 
skills at 2, 2.5, 
and 3 years
Language 
skills at 6 
years
CEA
IO m X x x x x X X X X
IO f X x x x X X X X X
IO m X x x x X X X X X
IO m X x x x x X X X X X
IO f X x x X X X X X
IO m x
IO m X x X X X
IO m X x x x x X X X X X
IO m X x x X X X
IO m X x x x X X X
IO m X x x x X X X
IO m X x
IO m X x
IO m x x
IO m X x x
IO m X
IO m X x x
IO f X x
IO m X x
IO f X x
IO m X x
IO m X
Treatment Gender Pre-lexical 
analysis 
1 year
Pre-lexical 
analysis 
1.5 years
FAN 
2 years
FAN
2.5 years
FAN 
3 years
Intelligibility 
2.5 years
Perceptual 
evaluation 
of speech
Language 
skills at 2, 2.5, 
and 3 years
Language 
skills at 6 
years
CEA
N-IO m x x x x X X X X
N-IO m x x x x X X X X X
N-IO m X x x x x X X X X X
N-IO m X x x X X X
N-IO m X x x x X X X X
N-IO m X x X X X
N-IO m x x x X X X X X
N-IO m X x x x X X X X X
N-IO f X x x x X X X
N-IO m X x x x X X X
N-IO f X x x
N-IO m X x
N-IO m X x x
N-IO m X x x
N-IO m X x
N-IO f X x
N-IO m X x
N-IO m X x
N-IO f X x
N-IO f X
N-IO m X
N-cleft f X X
N-cleft f X X
N-cleft m X X
N-cleft f X X
N-cleft f X X
N-cleft f X X
N-cleft f X X
N-cleft m X X
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het project waren Charlotte en Hans bovendien collega’s met wie ik prettig heb 
samengewerkt.
Mijn werk als logopedist in Etten-Leur was niet alleen een aangename 
afwisseling met het wetenschappelijke werk, maar gaf me ook ervaring en kennis 
die in het onderzoek goed van pas kwamen. Mijn maat Meta de Kruijf heeft het 
wel geweten dat ik de laatste maanden opgeslokt werd door het schrijven van dit 
proefschrift. Ik wil haar niet alleen bedanken voor het uit handen nemen van werk 
waar ik zelf niet aan toe kwam vanwege proefschrift perikelen, maar vooral ook 
voor haar interesse en vriendschap. Onze collega Yvette van Herwaarden dank ik 
voor haar waarneming in de periode dat ik me even alleen op het proefschrift 
wilde richten.
Verder wil ik ook mijn moeder noemen en haar bedanken voor haar 
belangstelling en steun, en voor de ruimte die ze me gaf door wekenlijks met veel 
liefde en plezier een dag op Linde en Sterre te passen.
Gelukkig zat ik niet alleen maar aan mijn bureau. Vrienden, familie en mijn 
gezin zorgden voor de nodige afleiding. Door de lachende gezichtjes, de vrolijke 
stemmetjes en het warme welkom van onze dochters Linde en Sterre was ik de 
beslommeringen en de stress van een werkdag altijd zo weer vergeten.
Tot slot, als laatste en als allerbelangrijkste bedank ik Eugène voor zijn liefde, 
zorg en steun.
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Emmy Konst werd geboren op 8 september 1964 te Bennekom. Zij behaalde haar 
diploma Atheneum B in 1982 en ging vervolgens Franse Taal- en Letterkunde 
studeren aan de Katholieke Universiteit Nijmegen (KUN). In 1984 begon zij aan 
de toenmalige bovenbouwstudie Spraak- en Taalpathologie aan dezelfde 
universiteit. Naast deze studie volgde zij de Opleiding Logopedie aan de 
Hogeschool van Nijmegen. Na haar afstuderen in 1990 als spraak- taalpatholoog 
en logopedist werkte zij enkele jaren als junior onderzoeker aan de Vakgroep 
Taal en Spraak van de KUN. In 1994 werd gestart met het project dat de basis 
vormt voor dit proefschrift. In de eerste jaren van het project werd het onderzoek 
uitgevoerd in detachering bij de afdeling KNO (Stem- en Spraakstoornissen) van 
het Universitair Medisch Centrum St. Radboud te Nijmegen. Vanaf 1997 is zij 
verbonden aan de Vakgroep Orthodontie en Orale Biologie van de KUN. Sinds 
1990 werkt zij tevens als vrijgevestigd logopedist in maatschapsverband te Etten- 
Leur.
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